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INTRODUCTION 


From the time of the construction 
of the first respiration calorimeter by 
Lavoisier (9, p. 355)? until Rubner 
(10 p. 185) demonstrated the appli- 
cability of the law of conservation of 
energy to the vital processes of the 
animal body, the interest of experi- 
menters with animal calorimeters 
centered mainly in the question as to 
whether the products of respiration 
fully represent the production of heat 
by the animal. 

With the establishment of the 
validity of this conception began a 
new era in respiration calorimetry, 
which has been marked by the per- 
fecting of apparatus and the standard- 
ization of methods. Since, however, 
the respiration calorimeter is a compli- 
cated and costly apparatus, both in 
construction and use, methods have 
been evolved for the indirect deter- 
mination of the heat production, by 
the use of a respiration apparatus, 
without the calorimetric features. 


For the purpose of indirect heat 
estimation there are now in use two 
principal methods, with modifications 
of detail, to meet special conditions 
as to kind of animal, length of experi- 
ment, equipment available, accuracy 
sought, and the particular problem 
in hand. 


Briefly and generally, one of these 
methods (2) involves the estimation 
of the amounts of protein, carbohy- 
drates, and fat oxidized in the body, 
and the computation of the heat 
production from the calorific values 
of these nutrients. 

The amounts katabolized are com- 
puted from the oxygen consumed and 
carbon dioxide produced, and the nitro- 
gen, carbon, oxygen, and hydrogen of 
the urine, these computations being 
based on the respiratory quotients (pro- 


portions of carbon dioxide produced to 
oxygen consumed) for the nutrients 
oxidized, these quotients being approxi- 
mately 0.7 for fat, 0.8 for protein and 
1.0 for carbohydrates. 

The other method depends on the 
balances of nitrogen and carbon in 
the animal body, and the determination 
of the potential energy of the feed and 
excreta. By this method the heat 
production is measured by deducting 
from the gross energy of the feed the 
potential energy of the excreta and 
the energy equivalent of the body 
tissue gained (or adding the energy 
equivalent of tissue lost). 

The more fundamental consider- 
ations as to energy metabolism having 
been established, a question of much 
importance is the comparative accuracy 
of the expensive and time-consuming 
direct-heat estimation by means of the 
respiration calorimeter and the rela- 
tively simple indirect-heat estimation 
by means of the two general procedures 
outlined. 

As a contribution to the under- 
standing of this problem the writer 
presents the following consideration 
of the possibilities of error in each, 
and the extent to which these errors 
affect results, the comparisons being 
based on the experimental work of 
this institute. 

The respiration calorimeter at the 
Institute of Animal Nutrition, which 
has been used for more than 20 years 
in metabolism experiments with cattle, 
is, as the name implies, both a calori- 
meter and a respiration apparatus. 
In each experiment heat production 
has been determined directly, and also, 
for comparison, by computation from 
the balance of matter and energy, as 
in the second of the indirect methods 
referred to above. This method is 
essentially the same as that used 
by Kellner (7) in his extensive re- 
searches on cattle. 
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A comparison of the observed and 
computed heat production in experi- 
ments with steers, conducted in the 
years prior to and including 1909, has 
been reported by Armsby (6). Since 
the year 1909 a number of experiments 
have been made on steers, and on cows 
as well, and upon these the present 
paper is based. 


The results of the steer experiments 
show that in 21 cases out of the 35 the 
computed heat production is higher 
than the observed; in 10 cases the 
computed heat is lower than the 
observed, and in 4 cases the difference 
between the two is so small as to be 
negligible. 

Considering the differences in the 
individual trials, and arranging them 
in groups according to magnitude, the 
results are as follows: In 21 cases, or 
60.0 per cent of the total number, the 
difference exceeds 1 per cent, of which 
13 are plus (that is, show the computed 
heat production the larger); in 14 
cases, or 40.0 per cent of the total 
number, the difference exceeds 2 per 
cent, of which 10 are plus; in 6 cases, 
or 17.1 per cent of the total number, 
the difference exceeds 3 per cent, of 
which 5 are plus; in 2 cases, or 5.7 per 
cent of the total number, the difference 
exceeds 4 per cent, of which both are 
plus; and in 2 cases, or 5.7 per cent of 
the total number, the difference exceeds 


OBSERVED AND COMPUTED HEAT 


PRODUCTION 


Before entering upon a discussion of 
the direct and indirect methods of 
determining the heat production by 
animals let us compare the results 
obtained by the two methods. Tables 
I and II present the results of experi- 
ments with steers and cows, the steer 
experiments comprising 35 periods and 
the cow experiments 36. Each period 
was of 48 hours’ duration (except in 
experiment 22la and 221d, 886-~I, 
where the periods were 24 hours).® 
All results have been computed to a 


24-hour basis. 


5 per cent, of which both are plus. 


TABLE I.—Observed and computed heat production of steers 
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‘Period 886-I, experiment 221d, was to have covered 48 hours, but owing to the failure of the electric 
curront the experiment was discontinued during the second 24 hours. 
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TaBLe II.—Observed and computed heat production of cows 
| | Heat production 
| in 24 hours 
: ; Cow! Period Dry orin | Gain by | i 
Experiment No. No. _ a | caer | Difference 
oa Observed 
| Calories | Calories | Calories Calories | Per cent 
In milk...) +221.4 | 11,720.5 | 11,463.9  +256.6 +2.2 
a cemeneeenee ag: | SS Site do....-..|+3, 663.2 | 12, 598.8 | 12,333.9 | +264.9 +2. 2 
icici +3, 863.5 | 13, 680.3 | 13,219.2  +461.1 +3.5 
In milk...) +502.0 11, 756.5 | 11,435.5  +321.0 +2. 
eee | I Eee Ansari —160.7 | 12, 286.2 | 12,137.3 | +148.9 | +1.2 
Dvaccaleas do.......| 650.3 | 12, 747.6 | 12,0822 +715.4 | +6.0 
1a....................) 879 {4:-------|--- ae 384.7 | 13, 545.9 | 13, 235.6 +310.3 | +2.3 
— ee a ae +686. 7 | 13, 165.5 | 12,896.2 +2623) +21 
ee See —2, 883.6 | 11,007.1 | 11,221.4  —214.3 | —1.9 
| ree ic || aaewes = ey —2,957.5 | 9,023.7 | 8,862.4 +1613)  +1.8 
Epcadied do.......|—4, 830.4 | 9,082.1 | 8,859.0, +173.1 | +2.0 
alin Walesa do....-..|+2, 976.8 | 10, 183.6 | 11, 191.7 |—1, 008. 1 —9.0 
221¢. a “wae 71,228.2 | 82287 | 8,568.6  —339.9 —4.0 
~~ awe +3, 018.2 | 10, 885.9 | 11,063.4  —177.5 —1.6 
i, ae +730.6 | 8,201.5) 8,380.3 —1788 —2.1 
221d — wes +4,410.1 | 9,099.0 | 9,629.1) —8530.1 —5.5 
a et do.......| +366.9 | 9,289.5 | 8,816.7 +4728 +5.4 
Pe oe ile cn anes tied +897.8 | 8,407.9 | 8,036.9 | +371.0 +4.6 
es | | aeees Re en +4, 389.2 | 10, 774.5 10, 474.5  +300.0 +2.9 
Te, | ee j---do.......| +895. 5 6, 611.0 | 7,892.4; +618.6 +7.8 
| 
a216 eg) See ae do.......|-+2, 625.6 | 9,157.4 | 9,721.7] —564.3 —5.8 
=e ieee, | See a Oisses —155. 0 | 8, 444.7 | 8,716.4 | —271.7 —3.1 
21e In milk - --|-+1, 795.0 | 11, 852.0 ' 12,047.9 | —195.9 —1.6 
aici aetna: Siig PES NEY do....-..|+1, 685.3 | 11, 136.6 | 11, 049.3 +87. 3 +0. 8 
ee Fete or do....---|  -£537.3 | 11,563.9| 11,417.0| +1469] +13 
Srrrentshererenseht seta ha + Weeden Ree ae |+2, 998.6 | 11,456.6 | 11,5126 | —56.0 —0.5 
D21f >; a +3, 500.6 | 11, 279.2 | 10,964.2 | +315.0 +2.9 
eae eierana ahs! Vir.) EEE! NN: cP +159.6 | 9,445.2 | 9,076.8 | +3684 +4.1 
oe | sical ya +2, 019.0 | 10, 649.3 | 10,327.2 | +3221 +3.1 
pettiness Foss PENS SE eo +240.0 | 8,733.5 | 8,395.0) +338.5 +4.0 
oof In milk-.-| 26.5 | 13, 187.1 | 13, 589.4 | —402.3 —3.0 
ieee aetna! Nun SS (Pk do... +2, 151.0 | 12, 268.1 | 12,422.0} —153.9 —1.2 
gape Ss do... +7.0 | 12, 701.3 | 12,367.7 | +333.6 +2.7 
Qig....................} gg7 |gil.------|--- ee —5, 327.8 | 8,887.9 | 8,627.1 | +260.8 +3.0 
Be nee Oy re Tee ee se bee do.......| —827.5 | 10,429.9 | 9,870.3 | +559.6 +5.7 
SRS Oar do.......|-+2, 270.1 | 12,010.5 | 11,670.4 | +340.1 +2.9 
Totals and aver- 
SI Gr i isacsclnceccccccclecdocdecuace poceeees \387, 349. 0 |383, 525.2 |+3, 823.8 +1.0 


The extreme percentage differences 7 per cent of the total number, the 


difference exceeds 5 per cent, of which 
computed heat production for the 35 3 are plus; in 2 cases, or 3.5 per cent 


are +5.1 and 


—3.6, while the total 


trials exceeds the observed by only 


0.6 per cent. 


In the 57 earlier steer experiments 
reported by Armsby (6) the total ob- 
served heat production for the 57 
trials differed from that computed by 
only 0.4 per cent, while the extreme 


percentage differences in 


individual 


sases were +7.6 and —5.1 per cent. 
Grouping the results of the 57 trials 
as above one finds: In 30 cases, or 52.6 
per cent of the total number, the differ- 
ence exceeds 1 per cent, of which 17 
are plus (in favor of the computed 
heat production); in 21 cases, or 36.8 
per cent of the total number, the differ- 
ence exceeds 2 per cent, of which 13 are 
plus; in 14 cases, or 24.6 per cent of the 


per cent, of which 10 are plus; in 6 
cases, or 10.5 per cent of the total 
number, the difference exceeds 4 per 
cent, of which 4 are plus; in 4 cases, or 


of the total number, the difference ex- 
ceeds 6 per cent, of which both are 
plus; and in 1 case, or 1.8 per cent of 
the total number, the difference ex- 


ceeds 7 per cent, which is plus. 


In general, the results of the steer 
experiments given in Table I compare 


favorably with 


those 


reported by 


Armsby in showing a close agreement 
between the observed and the com- 
puted heat production, though there 


are considerable 


cases. 


differences 


in afew 


In the cow experiments the differ- 
ences between the observed and the 
computed heat production are wider 
than with the steers. 
24 show a higher computed heat pro- 
total number, the difference exceeds 3 duction than the observed, while in 12 
cases the observed heat production is 
higher than that computed, the per- 
centage differences ranging from +7.8 
to —9.0. The total computed heat 


Of the 36 trials, 
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production for the 36 periods is higher 
than that observed by 1.0 per cent. 
Grouping the results as before one has: 
In 34 cases, or 94.4 per cent of the total 
number, the difference exceeds 1 per 
cent, of which 23 are plus; in 26 cases, 
or 72.2 per cent of the total number, the 
difference exceeds 2 per cent, of which 
20 are plus; in 14 cases, or 38.9 per cent 
of the total number, the difference ex- 
ceeds 3 per cent, of which 9 are plus; in 
9 cases, or 25 per cent of the total num- 
ber, the difference exceeds 4 per cent, 
of which 6 are plus; in 7 cases, or 19.4 
per cent of the total number, the dif- 
ference exceeds 5 per cent, of which 4 
are plus; in 2 cases, or 5.6 per cent of 
the total number, the difference ex- 
ceeds 6 per cent, of which 1 is plus; in 
2 cases, or 5.6 per cent of the total 
number, the difference exceeds 7 per 
cent, of which 1 is plus; and in 1 case, 
or 2.8 per cent of the total number, 
the difference exceeds 8 per cent which 
is minus. 

In considering, then, the results of 
Tables I and II, the following questions 
suggest themselves: First, in compar- 
ing the heat production obtained by 
the direct and the indirect method 
which of the two possesses the greater 
accuracy? Second, what are the pos- 
sible causes for the wider differences 
between the computed and the ob- 
served heat production in the cow ex- 
»eriments than in those made on steers? 

n studying these questions let us con- 
sider, briefly, the sources of error and 
the methods used in each. 


SOURCES OF ERROR IN 
DIRECT METHOD 


THE IN- 


The indirect method here considered, 
by which the figures for computed heat 
production in Tables I and II were 
obtained, is the second of the two in- 
direct methods referred to above, the 


so-called balance method. The basic 
principle upon which both of these 
indirect methods are based is that the 
oxidation of a given substance in the 
body liberates the same amount of 
energy as does its oxidation outside 
the organism. The difference, then, 
between the gross energy of the feed 
and the energy of the total excreta, as 
determined by analytical methods, 
gives the energy derived from the 
feed, and is equal to the heat given off 
by the animal, in case the animal does 
not gain or lose body tissue. A loss of 
body tissue, of course, involves a 
liberation of energy exceeding that 
derived from the feed; therefore the 
energy-equivalent of the body tissue 
lost is added to the energy derived 
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from the feed in computing the total 
heat production. On the other hand, 
a gain of body tissue means that not 
all of the energy derived from the 
feed was liberated, a part of it being 
stored in body tissue, the energy- 
equivalent of which is subtracted from 
the energy of the feed in computing the 
heat production. 

Representing the heat production by 
H, the energy of the feed by F, the 
energy of the total excreta (feces, 
urine, methane, brushings, and milk) 
by E, and the energy of the body gain 
by G, the general working formula for 
heat production is H=F—E—G. 

The estimation of the gain or loss 
of body tissue, which is an essential 
feature of this method, is computed 
in accord with the conception of the 
schematic body, which regards the 
organic matter of the animal as 
composed essentially of protein and 
fat, with at most comparatively small 
amounts of carbohydrates (glycogen). 
The supply of glycogen is assumed to 
remain constant during the experiment, 
and the gain or loss of protein and fat 
is estimated from a balance between 
income and outgo of nitrogen and 
carbon. 

The factors used in the computation 
are the following: protein=NX6; 
fat=CX1.307; carbon in  protein= 
52.54 per cent; heat of combustion of 
protein per gram=5.7 Calories; heat 
of combustion of fat per gram=9.5 
Calories. The derivation of these 
factors is fully discussed by Armsby 
(2). 
The analytical data needed for 
computing the heat production by the 
balance method are: (1) Dry matter in 
the feed, feces (or feces and urine 
mixture) and brushings; (2) nitrogen 
in the feed, feces, urine, milk, and 
brushings; (3) carbon in feed, feces, 
urine, milk, and brushings; (4) carbon 
in the gaseous excreta (respiration 
apparatus); (5) carbon in methane 
(by respiration apparatus); (6) energy 
in the feed, feces, urine, milk, and 
brushings. 

The accuracy of this indirect method 
obviously depends on the accuracy of 
the factors used and on the accuracy of 
the analytical results. To what extent 
the factors used may be responsible 
for the differences between the com- 
puted and the observed heat produc- 
tion is difficult to say. Certainly any 
error due to the factors used should be 
least where the gain or loss of body 
tissue is least. Referring, however, to 
the results in Tables I and II, one 
notices in many cases relatively small 
differences between the observed and 
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the computed heat production where 
the body gains or losses are consider- 
able, and large differences where the 
gains or losses are comparatively 
small. It will be noted that in these 
tables the net gain in calories is given, 
and that the differences are somewhat 
obscured in those cases in which there 
was a gain of one substance and a loss 
of another by the algebraic addition of 
their energy equivalents. However, 
the separate consideration of the 
gains or losses of protein and fat 
does not materially alter the general 
relationship referred to above, since 
in most cases in which there was a 
considerable gain or loss of body 
tissue both fat and protein were gained 
or lost together. 


In those cases, at least, in which the 
gains or losses of body tissue are small 
and the differences between the ob- 
served and the computed heat produc- 
tion are large, if there is any serious 
error in the computed heat production 
it should be looked for in the analytical 
results. An examination of some of the 
analytical data recently obtained by 
the methods used in this institute has 
revealed possibilities of error which in 
the case of the experiments with cows 
deserve especial consideration. In these 
experiments there is, in addition to the 
problem of handling the milk, the 
necessity of collecting urine and feces 
together, thus giving rise to new diffi- 
culties in the handling and preparation 
of the samples for analysis. 


With this exception, essentially the 
same experimental procedure and ana- 
lytical methods were followed in the 
cow experiments as in the steer experi- 
ments (5, p. 200-222). Itis important, 
however, to bear in mind the following 
points in connection with the compu- 
tation of the nitrogen, carbon, and 
energy balances: (1) In the steer ex- 
periments the nitrogen in the feces was 
determined in the fresh substance, while 
the carbon was determined in the air- 
dried sample, by means of a combustion 
furnace. (2) In the urine the carbon 
was determined in the fresh material, 
while the nitrogen was determined both 
in the fresh material and in a sample 
dried in the vacuum desiccator in the 
same manner as for energy determina- 
tion. From the nitrogen joss thus de- 
termined, in drying, an energy correc- 
tion was computed as applying to the 
energy determined by the bomb, assum- 
ing that the loss of nitrogen in drying 
represented a loss of urea and a corre- 
sponding loss of energy. 


In the cow experiments (except in 
221a) * the feces were collected together 
with the urine. The nitrogen was 
determined in the composite of daily 
samples both in the fresh and in the 
air-dried materials in all cases, in order 
to ascertain the loss during drying. 
Carbon was determined in the air-dried 
sample by means of the bomb, in all 
cases, and also (in experiments 221g and 
221f) in the fresh substance, by means. 
of an electric combustion furnace. An 
attempt was made to determine the 
carbon in the fresh sample of the feces- 
and-urine mixture in the first of the 
experiments with cows, but owing to 
lack of laboratory help during the war 
and for some time thereafter, and to 
the initial technical difficulties with the 
method, no satisfactory determinations | 
of the carbon in the fresh feces-and-urine 
mixture are available for the earlier cow 
experiments. The energy of the feces- 
and-urine mixture was determined in 
the air-dried sample. 

The air-drying was conducted by 
spreading the material out on trays in 
a drying closet in which it was exposed 
to a current of air heated to about 60° 
C. by passage over a steam coil. To 
hasten the drying the material was 
carefully broken up, when partly dried, 
by means of a spatula. When thor- 
oughly dry, the material (properly pro- 
tected) was exposed to the air of the 
grinding room for several days. It 
was then weighed, ground as rapidly 
as possible, and preserved for analysis 
in sealed, glass-stoppered bottles. In 
this weighing and grinding especially 
dry or especially damp days were 
avoided. 


LOSS OF NITROGEN AND CARBON IN AIR- 
DRYING FECES-AND-URINE MIXTURE 


A comparison of determinations of 
the daily nitrogen and carbon of the 
feces-and-urine mixture, in the fresh 
samples, with determinations on air- 
dried samples, revealed the fact that a 
considerable loss of these constituents 
occurred during the process of drying, 
and that the loss of carbon exceeded the 
quantity required to combine with the 
nitrogen lost to form either urea or 
ammonium carbonate. Table III ex- 
hibits these losses as occurring in experi- 
ments 221f and 221g. 

The figures in Table III show clearly 
that the carbon in the air-dried feces and 
urine is far from the original total, 
even after adding to it the carbon- 
equivalent of the nitrogen lost, com- 
puting this nitrogen to urea or ammo- 
nium carbonate. 





‘In experiment 221a the feces and urine were collected together, in the calorimeter, while during the 
other days of the digestion period they were collected separately. 
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Taste III.—Loss of nitrogen and carbon during the drying of cow’s feces-and- 
urine mixture 


Experiment and period 
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To diminish this possibility of error 
in the carbon balance, in those cow 
experiments in which the earbon was 
not determined in the fresh feces-and- 
urine mixture, the loss of carbon on 
drying, per gram of nitrogen lost, was 
computed from the average of the data 
available, this average being 1.15 gm. 
and the correction for carbon lost on 
drying was computed by the use of this 
factor. That this correction is not en- 
tirely satisfactory is realized, since the 
loss of carbon does not in all cases follow 
exactly the loss of nitrogen, but it was 
considered, under the conditions, as the 
best possible way of correcting these 
* earlier results which were obtained 
from the air-dried material. 


LOSS OF ENERGY IN AIR-DRYING FECES- 
AND-URINE MIXTURE 


A loss of nitrogen and carbon on 
drying does not mean a loss of only 
these elements, but it also represents a 
certain loss of potential energy. While 
the original fresh feces-and-urine mix- 
ture might have contained some carbon 
as free CO», the quantity so contained, 
in view of its solubility, could be only a 
very small fraction of the total quantity 
lost during the drying. Some of this 
loss no doubt came from the decomposi- 
tion of urea, and this portion has been 
estimated in the experiments from the 
nitrogen lost. The remainder has been 
assumed, in the absence of definite 
knowledge, to be a result of carbohy- 
drate fermentation, since the conditions 
of the drying are regarded as favorable 
for such a process. On this basis the 
energy lost on drying has been com- 
puted by using Rubner’s factor, 5.45 
for loss in Calories per gram of nitrogen 
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lost, and the factor 9.4 for computing 
Calories per gram of carbon lost in 
excess of that required to satisfy the 
nitrogen lost, the latter factor repre- 
senting the energy per gram of carbon 
in starch. 

Although the above computation is 
not without logical justification, one 
must admit the possibility of consid- 
erable error in this correction, in view 
of our imperfect knowledge as to the 
nature and extent of the losses. Since 
it is impracticable directly to deter- 
mine the energy in the fresh feces-and- 
urine mixture, the drying process may 
be, therefore, a source of serious error 
in the computation of the heat pro- 
duction. 

To illustrate the extent to which the 
above considerations, as to losses and 
corrections may affect the computed 
heat production Table IV has been 
compiled, the data in the three methods 
of computation being derived from the 
data of experiments 221f and 221g. 
In all three cases the nitrogen was 
determined in the fresh substance, and 
energy in air-dry substance. In 
Method I carbon was determined in the 
air-dry material. Corrections for car- 
bon and energy were computed from the 
nitrogen lost, calculated as urea. In 
Method II carbon was determined in 
the fresh material, corrections for 
energy being computed as in Method 
I. In Method III the carbon was 
determined in the fresh material and 
the corrections for energy were com- 
puted as in Method I, with an addi- 
tional correction for carbon lost in ex- 
cess of that required to combine with 
the nitrogen to form urea (using the 
factors 5.45 per gram nitrogen and 9.4 
per gram carbon). 
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TaBLE 1V.—Computed heat sieeve as oe by loss of carbon during drying 
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In consideration of the loss of carbon 
on drying the feces-and-urine mix- 
ture, the results of Method I are 
seemingly paradoxical. Why, one may 
ask, by using a figure for carbon in the 
feces and urine, known to be much 
lower than the correct value, does the 
computed heat production agree closely 
with the observed, in fact, in most 
cases, even more closely than when 
computed by Method III? The answer 
lies in the details of the computation. 
Referring to the general formula for 
heat production, H=F—E—G, it is 
seen that H remains unchanged if G is 
increased and E is decreased simultane- 
ously by the same amount. When, in 
computing the balance of carbon, the 
carbon lost through fermentation is 
ignored, the figure for carbon in the 
excreta is low, and the apparent gain 
of carbon and, therefore, of energy (G) 
is correspondingly high or the loss low. 
On the other hand, if one ignores that 
portion of energy of the feces and urine 
which was lost in drying as a result of 
the fermentation, the energy of the 
feces and urine (and therefore E) is 
low. These two factors, therefore, op- 
pose each other, the net effect being the 
difference between the two. For ex- 
ample, in experiment 221f, 874-I, the 
carbon calculated to have been’ lost 
from the excreta by fermentation was 
38.3 gm. This being ignored, the 
balance of carbon showed a gain which 
was 38.3 gm. too high. This is equiva- 
lent to 50.06 gm. of fat (38.3 1.307), 
or in terms of energy, 475.5 Calories 
(50.06X9.5). G is therefore 475.5 
Calories too high. The heat lost in 
fermentation, computed from the car- 
bon, was 360.0 Calories. This being 
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ignored, E is too low by 360.0 Calories. 
The net effect on the computed heat 
production is therefore 360.0—475.5= 
— 115.5 Calories, which accounts for the 
difference between I and III in Table 
IV (11,279.2—11,163.7=115.5). 

To state this somewhat differently, 
since the metabolizable energy equals 
the gross energy of the feed minus the 
energy of the feces, urine, and methane, 
when the metabolizable energy and the 
energy of the body gain are increased 
simultaneously the net effect on the 
computed heat production equals the 
increase of the former minus the in- 
crease of the latter. Thus, in the case 
just cited, the metabolizable energy is 
too great by 360 Calories, while the 
energy of the body gain is too great by 
475.5 Calories. The net effect on the 
computed heat production is, there- 
fore, 360.0—475.5=—115.5 Calories. 

Thus it is possible to obtain a 
figure for heat production, which may 
agree closely with the observed, as a 
result of a balance of opposing errors. 

The results of Method II show 
unusually large differences between the 
computed and the observed heat 
production, the carbon in the feces 
and urine as determined in the fresh 
substance being used, and the energy 
lost in fermentation ignored. 

The results of Method III are as they 
appear also in Table II. The basis for 
the computation and the possibilities 
of error have already been considered. 

The results as set forth in Tables III 
and IV indicate the need of rigorous 
control of the conditions of drying the 
feces and urine, and further investiga- 
tion of the nature of the material lost 
during drying. 
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Recurring now to the computation of 
the heat production in the steer 
experiments, the feces and urine were 
collected, dried, and analyzed sepa- 
rately. The carbon in the urine was 
determined in the fresh sample, and the 
correction for energy lost on drying 
was computed from the nitrogen lost. 
The carbon in the feces was, however, 
determined in the air-dried sample, 
ignoring the possibility of loss of carbon 
and energy during the drying. There 
is no data covering the losses on drying 
steer feces. There is, however, data 
which show a considerable loss of 
carbon in drying cow feces (not a 
mixture of urine and feces), which also 
implies a loss of energy. The results 
of the analysis of several samples of 
cow feces, which were collected by an 
attendant on a single day of the 
digestion experiments, are given in 
Table V. 


POSSIBLE ERROR IN THE DETERMINA- 
TION OF DRY MATTER OF FECES-AND- 
URINE MIXTURE 


The determination of the dry matter 
of the feces-and-urine mixture is 
another source of error to which 
attention is called. 

For determinations of energy, nitro- 
gen, carbon, etc., in the combined 
feces and urine, the composite sample 
representing several days’ collection 
was used. In all cow experiments 
tais composite was made up of 10 
daily aliquots. The dry matter, how- 
ever, was determined in this composite 
and also in each of the daily samples. 
The same routine was followed in the 
drying of the daily samples as in the 
case of the composite, except that the 
former were generally left in the dry- 
ing closet for a longer period of time, 
since, as a rule, they were placed in the 


TaBLe V.—Losses of nitrogen and carbon occurring during the drying of cow feces 
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* Computed to dry-matter basis. 


These results show that while the 
loss of nitrogen is slight, the loss of 
carbon is several times as great. 

It would, of course, be unsafe to 
assume that identical losses occurred in 
the drying of steer feces since the 
composition of the rations, and, there- 
fore, presumably, of the feces differed 
from that applying to the experiments 
with cows. Furthermore, the losses on 
drying are shown to be too variable to 
be regarded as accurately applylng 
to other conditions. However, the 
data suggest the probability of signifi- 
cant loss of carbon during the drying of 
steer feces also. : 

The bearing of the facts as to losses 
on drying, as disclosed by the above 
data, is also obviously important in 
connection with digestion experiments. 
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closet as soon as obtained, and were 
allowed to remain until the composite 
sample also was thoroughly dry. 

In all cases but one the percentage 
of dry matter as determined on the 
composite was found to be higher than 
the true average of determinations on 
the daily samples. Such a uniform 
difference must have an explanation 
other than errors of sampling or weigh- 
ing. Aside from these errors, such 
differences could be due either to an 
unweighed evaporation of moisture 
from the composite during preparation, 
or to a greater loss of dry matter during 
the drying of the daily samples. Con- 
sidering the precautions taken to pre- 
vent evaporation the loss by this means 
could have been but slight. The loss 
of dry matter due to fermentation 





Mar. 1, 1925 


during the drying of the daily samples 
appears, therefore, to be the more ex- 
tensive factor of error, but since there 
must have been some error on both 
these accounts the true figure for dry 
matter must have been higher than the 
one and lower than the other estima- 
tion, and there being no means of 
determining this intermediate figure 
exactly, the average of the two was 
used. 

Table VI gives the results of the 
determinations of dry matter in the 
composite sample, the average of 
determinations in the daily samples, 
and the average of the two, as well as 
the possible error, in per cent and in 
grams of dry matter per day. 

The differences between the two 
percentages of dry matter are fairly 
uniform. The average of all differ- 
ences (omitting that of experiment 
221c, 886 I) is 0.869 per cent. This 
means that, on the average, the dry 
matter as determined on the composite 
is about 0.9 per cent higher than the 
true average of the daily determina- 
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tions or that the possible error of using 
the average of the two is about +0.4 
per cent. The magnitude of the error 
In grams per day obviously depends 
on the fresh weight of the material, 
and ranges in these experiments from 
+14.4 gm. to +113.2. It should be 
understood that the data presented 
apply only to the particular conditions 
and procedures which prevailed in 
this work. 

An error in the determination of dry 
matter involves corresponding errors 
in energy, nitrogen, and carbon as 
determined on the dried material, all 
being in the same direction. These 
ro errors have been computed in 

able VII, using the data from exper- 
iments 221f and 221g as examples. 
The possible errors in energy range 
from +135.4 Calories to +451.9 cal- 
ories; the possible errors in nitrogen 
are small, ranging from +0.59 gm. to 
+2.46 gm.; the possible errors in 
carbon range from +13.49 gm. to 
+44.96 gm. 


TaBLE VI.—Possible error of determinations of dry matter in feces-and-urine 
mixture 
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TaBLeE VII.—Effect of possible error in the dry matter of feces-and-urine mixture 
on the energy, nitrogen, carbon, and computed heat production 
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8741..... +64.7 | 4.425 | 43. 801 2. 845 
874 II...) +52.1 4. 381 | | 43. 648 
887 I_...| +62.2 4.451 | 44. 207 
887 II...| +39.3 | 4.394 | 43.890 
886 I....| +99. 1 4. 560 | 45. 368 

886 IT...| 429.9 | 4.528 45. 101 | 

221g: 
887 I....| +79.4 
887 II...) +43.7 

887 IIT..| +49.8 | 
887 IV..| +61. 2 


It will be noted that the possible 
errors in energy of the feces-and-urine 
mixture, as a result of the possible 
errors in dry matter, appear to be 
appreciable, and they would remain so 
if the nitrogen and, especially, the car- 
bon as determined on the dried sub- 
stance were not used as a basis for 
computing the loss of nitrogen and 
carbon on drying and of an energy 
correction corresponding to these losses. 

The differences between the nitrogen 
and carbon as determined on the dry 
substance and those determined on the 
fresh represent the loss on drying. A 
positive error in the carbon and nitro- 
gen determined on the dried substance 
would, therefore, mean a negative error 
in the computed loss on drying and, 
consequently, a negative error in the 
computed energy correction when such 
a correction is applied, and vice versa. 
As a result of this, the initial error in 
energy is reduced by the energy equiva- 
lent of the error in the computed loss of 
nitrogen and carbon during drying. 
These energy equivalents and the net 
effect on the computed heat production 
are shown in Table VII. The result- 
ant error is negligible according to this 
method of computation. For example, 
if the error in dry matter in experiment 
No. 221f, 8741 were +64.7 gm. (see 
Table VII), the energy of the daily 
feces-and-urine mixture, as computed 
by multiplying grams dry matter by 
the number of Calories per gram, would 
be too great by the amounts indicated 
in column 5, namely 286.3 Calories 
(64.7 times 4.425). Similarly, the 
figures for carbon and nitrogen as 
determined on the dry substance would 
be too high by the amounts indicated 
in columns 6 and 7 respectively (64.7 
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On the other hand, by subtracting the 
too large amounts of carbon and nitro- 
gen in the dry material from those 
determined on the fresh the results for 
loss of carbon and nitrogen on drying, 
thus obtained, would be too small by 
the same amounts given in columns 6 
and 7. The energy corrections based 
on these losses would then be too small 
by the amounts indicated in columns 
8 and 9, totaling in the case cited 276.4 
Calories (column 10), and making the 
final error in the energy of these excreta 
equal 286.3 —276.4=9.9 Calories, or in 
the computed heat production, —9.9 
Calories. 


DETERMINATION OF DRY MATTER IN 
FEED 


It is obvious that an error in the 
determination of the dry matter of the 
feed would directly affect its energy 
equivalent, and also the carbon and 
nitrogen balances. 

Dry matter is determined by first 
subjecting the sample to a preliminary 
determination of the air-dry substance; 
the sample is then ground, and the 
remaining hygroscopic moisture is de- 
termined in the ground sample. If 
there is any loss of moisture during the 
grinding, this is not accounted for in 
the determination, and would increase 
the figure for dry matter in the feed. 

The effect of grinding on the dry 
matter determination is a very variable 
factor, the exact magnitude of which is 
unknown, but a preliminary investiga- 
tion of this problem indicates that the 
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grinding of the samples may be a source 
of appreciable error in the dry matter 
determination. However, the effect of 
an error in the dry matter of the feed, 
on the computed heat production, 
would be relatively slight, for the reason 
that the metabolizable energy and the 
energy of the body gain would be 
affected in the same direction. This is 
illustrated by the following computa- 
tion, the basis being arbitrarily assumed 
figures, and the effect on the nitrogen 
balance being disregarded: 

Daily ration......... 8,000 gm. air-dry matter. 


Error in dry matter.. +0.5 per cent. 
Energy per gram 


dry matter ........ 4.5 Calories. 
Carbon in dry mat- 

eee ; 
Error in the daily 


dry matter... .. +40 gm. 
Error in the metab- 

olizable energy. ... 404.5=+-180 Calories. 
Error in carbon bal- 


i itcdtamitn cages +18 gm. 
Error in energy of 
the body gain_.... 18X1.307X9.5= +223 Calories. 


Error in computed 
heat production... 180—223=—43 Calories. 


OTHER SOURCES OF ERROR 


THE GLYCOGEN CONTENT OF THE 
Bopy.—The computation of the energy 
equivalent of the gain by the animal 
assumes that the glycogen content of 
the animal remains unchanged. With 
a submaintenance ration, or in the case 
of milking cows, when the ration is not 
sufficient fully to support the milk 
production, the possibility of a con- 
tinuous loss of glycogen for some time 
may be considered. In the event of 
such loss the estimate for the energy 
equivalent of the body loss may be too 
large. In those cases in which there 
is a gain of body substance, after a 
considerable number of days of pre- 
liminary feeding on the ration of the 
experimental period to follow, the 
possibility that the glycogen content 
of the animal will come into equilibrium 
with the ration is greater, and the error 
involved in the assumption of a con- 
stant glycogen content of the body 
may not be appreciable. 

CARBON EQUIVALENT TO THE NITRO- 
GEN LOST BY THE BODY.—Whether 
nitrogen be gained or lost by the body, 
it is considered to be accompanied by 
such an amount of carbon as is con- 
tained in an equivalent amount of 
protein, carbon being considered as 
constituting 52.54 per cent of the 
protein. The gain or loss in fat is 
computed from the carbon balance 
only after the carbon content of the 
protein gained or lost has been set 
aside. In case of a loss of protein, if 
there is a utilization of a part of the 
nonnitrogenous fraction of the katabol- 
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izing tissue protein the amount so 
utilized is not accounted for, and con- 
stitutes an error in the computation of 
the carbon equivalent to the nitrogen 
lost and, likewise, in the carbon 
balance. 

CARBON DIOXIDE OF THE WATER 
CONSUMED.—The carbon dioxide con- 
tent of the water consumed by the 
animal is usually not taken into con- 
sideration. This introduces a small 
error into the carbon balance, tending 
to reduce the apparent gain of carbon 
and to make the computed heat pro- 
duction too great. 

HEAT OF HYDRATION AND SOLU- 
TIoN.—Another small error is intro- 
duced in the determination of the 
energy of the visible excreta by neglect- 
ing the heat of hydration and solution. 
If heat is absorbed when solids come in 
contact with water, the reverse must be 
true, that is, heat is evolved when 
water is driven off. Conversely, if 
heat is evolved when solids are brought 
in contact with water, this heat must 
be absorbed on driving off the water. 
Thus, it is known that when urea is 
brought into solution an absorption of 
heat takes place, while when proteins 
are brought into contact with water an 
evolution of heat takes place. The 
feed is ordinarily given to the animal 
in an air-dry condition. Hydration 
and solution take place in the animal 
body, and corresponding evolution and 
absorption of heat must result. These 
processes may be considered as factors 
in the work of digestion. The energy 
of the urine, feces, and milk is deter- 
mined after these substances have been 
dried. The heat of hydration and 
solution is not accounted for in the 
determination. 





SUMMARY OF OBSERVATIONS ON SOURCES 
OF ERROR IN THE INDIRECT METHOD 


Errors on the following accounts are 
either unavoidable or are of negligible 
magnitude: Possible change in the 
glycogen content of the body of the 
animal; possible utilization of the non- 
nitrogenous portion of the katabolized 
protein molecule; and the energy of 
hydration and solution. 

It seems possible that errors due to 
the two factors first mentioned might 
be of appreciable importance in experi- 
ments in which the subjects are under 
submaintenance conditions. 

A small determinable error is intro- 
duced by the carbon dioxide of the 
drinking water. 

By far the most serious possibilities 
of error seem to lie in the methods of 
preparing the samples of feed, feces, 
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and urine for analysis. Of these the 
drying of the feces-and-urine mixture is 
the most important, since it involves 
the computation of corrections, the 
bases for which are imperfectly under- 
stood. 


DIRECT HEAT MEASUREMENT 


The direct measurement of the heat 
given off by the animal body is accom- 
plished by means of the respiration 
calorimeter. Descriptions of such an 
apparatus, as used at this institute, 
and also of the methods employed, 
have appeared in several publications 
by Armsby and Fries (3; 4, p. 263-270; 
1; 5, p. 200-222). For the present 
purpose the more important details 
may be condensed into the following: 

The respiration calorimeter used at 
the Institute of Animal Nurtition of the 
Pennsylvania State College is of the 
Atwater-Rosa type, consisting of a 
Pettenkofer respiration apparatus, the 
chamber of which is also an animal 
calorimeter. 

The respiration chamber is built with 
a double metallic wall inclosing a 
38-inch dead-air space, surrounded, at a 
distance of 4 inches, by a wooden wall, 
and this in turn, at a distance of 4 
inches by a second wooden wall, thus 
forming two air-spaces surrounding the 
chamber. By the heating or cooling 
of these air spaces the inner wall is 
maintained adiabatic. 

The sensible heat given off by the 
animal, which constitutes the greater 
part (about three-fourths) of the total 
heat production, is absorbed by a 
current of cold water passing through 
copper pipes at the top of the respira- 
tion chamber, the exposure of these 
pipes to the air within the chamber 
being regulated by means of shields 
which can be raised or lowered by the 
operator. By this means the rate of 
removal of heat from the chamber is 
adjusted as required for the mainten- 
ance of an approximately constant 
temperature. 

The temperature of the in-going air 
is maintained equal to that of the out- 
coming. 

The temperature of the in-going and 
outcoming water is read every four 
minutes by means of two mercurial 
thermometers, graduated to 1/50° C., 
and carefully calibrated. 

The volume of water passing through 
the calorimeter is measured by means 
of two copper meters of 100-liter 
capacity. 

For each period of uniform water 
flow the product of the amount of 
water passing through the heat ab- 
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sorbers multiplied by the average 
temperature difference equals the 
amount of heat removed from the 
chamber in the water current. 

Since a part (approximately one- 
fourth) of the total heat given off by 
the animal is in the form of latent heat 
of water vapor, this portion of heat, 
not being directly measurable by the 
calorimeter, is calculated from the 
amount of water vapor given off, 
using 0.587 Calorie per gram at 18° C. 
This heat is added to the heat removed 
in the water current to get the total 
heat emission. 


CORRECTIONS 


In order accurately to determine the 
amount of heat produced by the animal 
several corrections are made, for pos- 
sible errors in the readings, for heat 
measured by the apparatus but not 
coming from the animal, and for heat 
withdrawn from the chamber but 
escaping measurement. The follow- 
ing is the list of corrections usually 
made: 

(a) Corrections for difference of 
pressure on the bulbs of the two ther- 
mometers. 

(b) Correction for friction of water 
in absorbers. 

(c) Correction for lag in the rise or 
fall in temperature of the water from 
that at the inlet to that at the outlet 
of the absorber system. 

(d) Correction for change in tem- 
perature of the absorber system during 
the experiment. 

(e) Correction for heat developed by 
the blades of the fan used to stir the 
air in the calorimeter. 

(f) Correction for change in tem- 
perature of the walls of the chamber 
during the experiment. 

(g) Corrections for heat introduced 
into the apparatus or withdrawn from 
it, in feed, drink, excreta, and vessels 
containing these materials. 

(h) Correction for the metabolism 
of the man entering the chamber duy- 
ing the experiment, to milk the cow. 

(i) Correction for condensation of 
water on the absorber system. 

(j) Correction for storage or loss 
of heat due to gain or loss of matter 
by the animal body during the ex- 
periment. 


ACCURACY OF THE DIRECT METHOD 


This list of the corrections serves 
to indicate the degree of accuracy 
which it is sought to attain. There 
are, however, two other sources of 
error which have been disregarded 
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because no practicable methods of 
measuring or estimating corrections 
have been found. 

These errors depend on changes of 
body temperature of the animal dur- 
ing an experiment, and change in 
amount of moisture upon the walls 
of the chamber during an experiment. 

Assuming, under the conditions of 
the experiments, the possibility of a 
change of +0.6° F. (8, p. 24-26) 
(0.38° F. per day, in the same direc- 
tion during a two-day period), the 
possible error in the daily heat deter- 
mination, in the case of an animal 
weighing 400 kg., would be +53 
Calories. 

As to the mosture factor, there is the 
possibility of a deposit of moisture on 
the walls of the vhamber, or of an 
evaporation of moisture from the same, 
during the experiment, thus constitut- 
ing an error in the measurement of the 
latent heat of water vapor produced. 
Under ordinary conditions this error 
is probably not appreciable. Its mag- 
nitude and direction would depend on 
the initial humidity in the chamber, 
length of the preliminary period, rate 
of ventilation, and water vapor given 
off by the animal. It is apparent that 
this error would be greater in short- 
time experiments than in those of 
longer duration. 

As regards the ultimate accuracy of 
the direct method, from a considera- 
tion of the results of the 18 alcohol 
check tests reported from this insti- 
tute by Armsby and Fries (5, p. 200- 
222) the authors came to the conclu- 
sion that the results of a single experi- 
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ment with the respiration calorimeter 
may be regarded as accurate to within 
approximately the following percent- 
ages of the amounts determined: Heat, 
1 per cent; water, 6.0 per cent. 

The determination of the carbon 
dioxide production, which is used in 
the indirect method, is regarded as 
accurate to within approximately 0.5 
per cent of the amount determined. 

The results of 14 alcohol checks 
made subsequent to the above-men- 
tioned report, in practically the same 
manner as before, and using heat 
values for anhydrous alcohol ranging 
from 7.07537 to 7.13107 Calories per 
gram, show also a close agreement 
between the computed and the observed 
values, the average percentages re- 
covered being as follows: Heat 98.9 per 
cent; water, 108.0 per cent; carbon 
dioxide, 99.9 per cent. The results of 
these 14 individual tests are set forth 
in Table VIII. 

It will be noted that in all these 
tests the observed heat is less than 
the computed. This rather uniform 
difference may be due either to the 
assignment of too high a heat value 
to the alcohol, or to the heat meas- 
urement, or to both. The range of 
the differences, however, is narrow. 
Considering the results of all the alcohol 
checks, and the fact that the possibility 
of error in short-time experiments is 
greater than in experiments of longer 
duration, the conclusion stated above, 
with regard to the accuracy of the 
direct heat measurement as well as to 
the carbon dioxide determination, seems 
to be warranted. 
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SUMMARY OF DIRECT AND INDI- 
RECT HEAT ESTIMATION 


The results of the study of the de- 
tails of direct and indirect calorimetry 
in experiments with steers and cows at 
this institute may be summarized as 
follows: 

The direct heat measurement is in 
general more accurate than the balance 
method of indirect heat computation. 
The direct method, therefore, serves as 
a valuable check on the accuracy of the 
analytical work involved in the indi- 
rect method. 

In the measurement of the nutritive 
values of feeds, however, the direct 
and the indirect methods are about 
equally accurate, and the latter is much 
the more easily accomplished. 

One source of error, not affecting 
direct heat measurement, but involved 
in the utilization of both direct and 
indirect heat measurements in the de- 
termination of the net energy values of 
feeds, is the loss of moisture of feeds 
and feces during grinding preparatory 
to analysis, but this factor affects both 
methods. 

The most important source of error 
affecting direct and indirect calorim- 
etry in different ways is loss of matter, 
from the urine and feces, presumably 
through fermentation, during drying, 
preliminary to the determination of 
energy by means of the bomb calorim- 
eter. 

This loss, which contains carbon and 
nitrogen, is an important factor in the 
computation of the heat production by 
the indirect method, and in the appli- 
cation of the results of the direct 
method in determining the net energy 
value of feeds. 

This loss of matter affects the esti- 
mation of (a) metabolizable energy, as 
determined by subtracting from the 
energy of the feed the energy of the 
excreta, (b) heat production, as deter- 
mined by subtracting from the metab- 
olizable energy the energy of the 
gain (carbon and nitrogen balances 
multiplied by factors), (c) energy of 
gain, as determined by subtracting 
from the metabolizable energy the di- 
rectly observed heat production. 

The determination of the energy of 
the gain from the nitrogen and carbon 
balances does not involve the loss under 
discussion, since the nitrogen and the 
carbon can be determined on the fresh 
substance. When, however, the direct 
heat estimation is used in the final 
computation of net energy any such 
advantage as might accrue from the 
greater accuracy of this direct heat 
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estimation is lost through the fact that 
in order to derive the amount of the 
energy of the gain, which is a factor of 
the net energy estimation, the directly 
observed heat production must be 
subtracted from the metabolizable 
energy, this last datum being directly 
affected by the loss in drying of the 
excreta. 

In those cases in which there is a 
gain of body tissues, or no appreciable 
loss, the error due to possible change in 
glycogen content of the body may be 
considered as negligible, and the esti- 
mation of the gain in energy, by the 
indirect method, may be as accurate as 
when determined by the direct method. 

On account of the possibilities of 
change in the glycogen content of the 
bodies of cows, in connection with 
milk production, the chances for error 
in indirect calorimetry with cows seem 
greater than witn steers. 

There is need for careful control of 
the conditions of drying feces and 
urine, and of a thorough investigation 
into the composition and nature of the 
substances lost, in order to make pos- 
sible the more accurate estimation of 
the dry matter and the energy of these 
excreta. 
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THE LIFE HISTORY OF PILACRE FAGINEA (FR.) B. & BR.! 


By C. L. Samar, Senior Pathologist, and B. O. Dopax, Pathologist, Fruit Disease 
Investigations, Bureau of Plant Industry, United States Department of Agri- 


culture 
INTRODUCTION 


Pilacre is a fungus holding an im- 
portant place in mycology, primarily 
on account of Brefeld’s contribution 
to its life history and relationship. 
We may not agree with him as to the 
lines of evolution which he lays down, 
nor be able to confirm all his work as to 
questions of fact in each case. No 
one, however, has given a finer illustra- 
tion of the kind and quality of work to 
be done in support of a theory than 
did Brefeld in his study of “ Pilacre 
petersii B. & C.” The writers have 
followed the life history of this “prim- 
itive basidiomycete”’ in pure cultures. 
In addition to confirming in the main 
Brefeld’s work, as far as he was able 
to carry his investigation, the writers 
here give additional information which 
should be helpful in clearing up the 
question of the relationship of Pilacre 
faginea (Fr.) B. & Br. to the great 
groups of fungi. 

Basing his argument on the old 
doctrine that, so far as structures in 
fruiting organs are concerned, evolution 
proceeds from the indefinite to the 
definite, and from larger numbers of 
organs to smaller numbers, Brefeld 
strongly supported the view that the 
basidium with its four spores has de- 
veloped as a reduction process from a 
septate conidiophore which originally 
gave rise to an indefinite number of 
conidia. One of his lines of evolution 
runs from the smuts, with their ‘‘hemi- 
basidia’”” and yeastlike budding of 
spores, through the rusts, Auricularia- 
ceae and Tremellaceae with their 
“protobasidia,’’ each of the four cells 
producing a single spore, to the auto- 
basidiomycetes of the mushroom type. 
It is in the line of ‘ Protobasidio- 
mycetes’”’ that Pilacre is brought for- 
ward in support of the main argument 
in favor of his theory, namely, that 
basidia and conidiophores, and basid- 
iospores and conidia are, respectively, 
homologous. 





According to Brefeld, the small, 
grayish sporocarps of Pilacre frequently 
found on old beech logs are the equiv- 
alent of the ordinary mushroom fruit 
body. In dissecting the fruiting heads 
he found that the spores were formed 
on true basidia. Each basidium had 
exactly four cells and each cell bore 
only one spore. Though recognizing 
the very dissimilar characters of the 
fruiting structure, he places Pilacre 
among the ‘‘ Protobasidiomycetes”’ next 
to the Auriculariae, but differing from 
the Auricularias in being angiocarpous 
and in having a gleba. The basidia 
were not developed in a definite hy- 
menial layer. 

In Brefeld’s first cultures (6)? ob- 
tained by germinating spores from the 
fruiting heads only a hyphomycetous 
conidial form developed. In view of 
the fact that he could find no such 
conidial stage described and had not 
found it in nature he assumed that its 
production was due to the unnatural 
environmental conditions of his culture. 


MATERIAL AND METHODS 


Pilacre faginea has been collected by 
the senior author in localities as 
widely separated as New York and 
Florida. Although it occurs most 
frequently on beech logs it has been 
found on Acer, Carpinus, and other 
hardwoods, and typical specimens were 
found growing in the Florida ever- 
glades on wood of some subtropical 
tree. 

The material for the cultures upon 
which the discussion in this paper 
is based was obtained in September, 
1921, from specimens growing on a 
beech log near Chain Bridge, Va., a 
few miles from Washington.’ Poured 
plates of corn-meal agar were made, 
using spores from the fruiting head. 
Sixteen single spore cultures were 
isolated and grown either at room 
temperature or in the refrigerator. 
Subcultures were grown on corn-meal 


1 Received for publication June 16, 1924—issued May, 1925. 
? Reference is made by number (italic) to “ Literature cited,” p. 417. 
3 The writers are indebted to Angie M.. Beckwith for assistance in the culture work. 
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agar, beech-decoction agar, and on 
sterilized beech branches. Large test 
tubes about 1 inch in diameter and 12 
inches long proved to be most satis- 
factory for this work. As only one of 
the first cultures growing in small 
test tubes developed the basidial stage, 
other single-spore cultures were trans- 
ferred to the large test tubes. These 
cultures were kept at room tempera- 
tures at first, but later some of them 
were placed in the refrigerator. 


CHARACTERISTICS OF THE FUNGUS 
IN CULTURE 


The basidiospores germinate in the 
manner described by Brefeld (6). The 
hyphae with their much branched con- 
idiophores and luxuriant development 
of conidia have been so adequately and 
accurately described and figured by 
this author that further space need not 
be given to this phase of the question, 
except to call attention to certain char- 
acters not fully brought out by him. 
The mycelium in mass is not yellowish, 
as he describes. The production of 
conidia begins within a few days, and 
as soon as they cover the surface the 
color of the culture on potato-dextrose 
agar is Prout’s brown, while on corn- 
meal agar it is Verona to sepia brown.! 
Grown on pieces of beech branches, the 
culture becomes covered with a great 
felty mass of mycelium and conidia, 
nearly Prout’s brown in color. The 
mycelium grows very slowly; a colony 
several weeks old may not be over 
2 cm. in diameter. 

The fact that basidia, which are not 
easily recognized because of their form 
and manner of septation, are not devel- 
oped in a hymenium and that their 
spores after becoming detached lie en- 
tangled among the loose hyphae of the 
head, has led some of our mycologists 
to a misconception as to the nature of 
the sporocarps. The hyphomycetous 
conidial stage which Brefeld first de- 
scribed and which always develops in 
cultures with the production of masses 
of conidia (pl. 2, A to C) comprises a 
phase in the life history entirely distinct 
from the basidial fructification. 

After the first cultures had grown in 
12-inch test tubes in the laboratory at 
room temperature for about four 
months, little flecks of pure white 
hyphae developed in several of the 
tubes. These growths increased in 
size, being at first rather indefinite in 
shape, but soon resembling very small 
mushroom buttons. The stipelike por- 
tion became surmounted by a small 


head. After two weeks some of the 
white growths began to turn grayish. 
These were removed and found to con- 
sist of hyphae having clamp connec- 
tions. Basidia were developing from 
these hyphae in much the same way as 
figured by Brefeld. The basidiospores 
are nearly spherical, and being some- 
what larger than the conidia they were 
easily distinguished from them. Bre- 
feld has given adequate figures of the 
basidium and its spores. It is a true 


basidium having a definite number of 
each case, just as 


spores, four in 
claimed by him. 

The first cultures, which were iso- 
lated November 5, 1923, fruited the 
following February, having meanwhile 
developed merely the gametophyte 
mycelium which produced only conidia. 
Sixteen monosporous cultures were 
transferred March 10; on June 5 it 
was found that most of the cultures 
showed the white patches of mycelium, 
which indicates that clamp connections 
are being formed and that basidia will 
soon develop. Ordinarily it requires 
about three months for the cultures to 
mature fruit bodies. One culture on 
potato-dextrose agar showed nearly 100 
separate masses of white mycelium. 
Each mass represented an incipient 
fruit body covered with the ash-gray 
“‘gleba”’ in which quantities of basidio- 
spores were being produced (pl. 1, B). 

Cultures in which two monosporous 
strains in various combinations were 
grown did not produce the basidial 
fruiting stage in any greater abundance 
than did the single spore cultures. 
Fully as many fertile heads developed 
on cultures from one spore as were 
formed in cultures representing several 
strains. 

No definite fruiting body such as 
characterizes Pilacre when it grows in 
nature on beech logs was developed in 
some of the cultures, although large 
numbers of basidia were formed in loose 
aggregations of hyphae. In other cases, 
however, fruiting bodies 2 or 3 mm. 
high were developed, some of them pos- 
sessing a definite structure, consisting 
of a stipe surmounted by the expanded 
fertile head. The sporophytic hyphae 
of those which eventually produce 
basidia are pure white until the devel- 
opment of spores begins. The head 
then turns ash-gray as noted. Clamp 
connections are always found on the 
hyphae developing basidia. They also 
occur on the hyphae composing the so- 
called “peridium”’ (pl. 2, Q). 

Wherever basidia are formed the 
hyphae producing them are clustered 





* RIDGWAY, R. COLOR STANDARDS AND COLOR NOMENCLATURE. 43 p., illus. 
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Cultures obtained by germinating basidiospores on potato dextrose agar, March 10, 1924. The 
cultures were photographed on June 9, natural size 


A.—Single spore culture grown on sterilized beech twig showing only the conidial stage at the 
end of 3 months 

B.—Parallel culture, also from a single spore; there was a large number of basidial fruit bodies 
developed on the surface of this culture 

C.—Cultures which showed only the conidial stage after 3 months 
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The figures have the same magnification 


A.—Ends of young conidiophores 

B.—Rhinotrichum-like conidiophores 

C.—Mature conidium 

D to M.—Stages in the development of basidia and spores 
N.—Mature spore 

O to Q.—Cells of sporophytic hyphae showing clamp connections 
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together and not spread out indefinitely 
in the way one finds the mycelium 
producing basidia in Exobasidium or 
Corticium vagum, for example. A true 
peridium is not developed in Pilacre; 
the interlocking and entangling of the 
end branches of the sterile sporophytic 
hyphae make up an outer layer that 
has been called its peridium. 


GAMETOPHYTIC AND SPOROPHY- 
TIC GENERATIONS OF PILACRE 


No fungus heretofore described illus- 
trates more beautifully than does Pil- 
acre the difference which may exist 
between the gametophytic and sporo- 
phytic stages in its life history. In this 
fungus the hyphae that produce conidia 
are gametophytic, those producing 
basidia are sporophytic. o conidia 
are developed on the latter kind of 
mycelium. 

The gametophytic hyphae which 
arise from germinated conidia, basidio- 
spores, or from bits of mycelium trans- 
ferred to agar plates are of such a deli- 
cate structure and so narrow that it is 
difficult to differentiate cytoplasmic 
structures or to determine exactly the 
number of nuclei present in each cell. 
Some of the cells are extremely long 
and no doubt each cell then contains 
several nuclei. The conidia when first 
formed are uninucleated (pl. 2, C). 
Two masses of chromatin are sometimes 
visible in older spores, suggesting that 
the original nucleus may have divided. 
It is of interest to note that while no 
clamp connections can be found on the 
coarse brown hyphae-bearing conidia, 
these structures are easily found on 
the more delicate pure white hyphae 
which give rise to the basidia. Fixa- 
tion of the sporophytic hyphae is ren- 
dered difficult by the quantity of air 
entangled in the hyphae of the ‘‘perid- 
ium.” One occasionally finds cells 
with two nuclei (pl. 2,0). Sometimes 
cells are very long and these probably 
contain several nuclei. The fact that 
nuclei are sometimes found in pairs has 
no sexual significance. It is well 
known that when a fungus nucleus 
divides, the daughter nuclei tend to 
remain close together in pairs and only 
separate when they, in turn, divide. 
The branches that develop into basidia 
certainly arise at the clamp connec- 
tion (pl. 2, D and E). The behavior 
of the nuclei at the time of clamp for- 
mation has not been followed, and an 
examination of additional material will 
be required in order to determine ex- 
actly what takes place at the origin of 
basidium. Presumably, the two non- 
sister nuclei which come together in a 
basidium clamp ordinarily fuse without 
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further division. Brefeld (6) figures 
clusters of basidia in a way which sug- 
gests that there may be a great deal of 
proliferation at this time. It is well 
known that in the Ascomycetes a num- 
ber of asci may arise as the result of 
such growth. The ultimate cell may 
also fuse with the antepenult, the re- 
sulting cell either becoming an ascus or 
by further growth and proliferation in 
turn give rise to another cluster of asci. 
Kniep’s contention (22) that the 
clamps of Basidiomycetes and the cro- 
siers of Ascomycetes are homologous 
structures would have been strength- 
ened had he cited Brefeld’s figures of 
Pilacre basidia as they arise from 
clamps. Such a suggestion implies that 
one accepts the theory that the Basidi- 
omycetes and Ascomycetes have a com- 
mon ancestral line. If so, there must 
be some very fundamental reason why 
the basidium becomes 4-nucleated and 
the ascus becomes 8-nucleated after the 
reduction divisions. 


Such stages in the development of 
basidia as are shown in Plate 2, D to I, 
are abundant in sections of the sporo- 
carps. It is clear that the cell wall in 
the middle of the basidium is laid down 
very early (pl. 2, I), even before the 
second division of the nucleus. The 
fusion nucleus, larger than either of the 
nuclei in the pair, is first seen. After a 
second division the nuclei are very 
small, each one containing a relatively 
large nucleolus. Figures obtained by 
the writers show that the basidium in- 
creases proportionately less in length 
than in diameter as it matures (pl. 2, 
J to M). It is not unusual to find one 
spore at the tip of the terminal cell (pl. 
2, K). Not infrequently the sterigma 
is found at the side of the last cell of 
the basidium bringing all four spores 
into line (pl. 2, L). In Ascomycetes 
which have fruit bodies of any con- 
siderable size, by far the greater bulk 
of the tissue composing the ascocarp is 
gametophytic. The ascogenous hyphae 
proceeding from the ascogonium or 
from the cells which perform the func- 
tion of an ascogonium are sporophytic 
in nature, and frequently compose in 

art what is called the subhymenium. 

n cleistocarpic ascocarps the tissue, 
sometimes erroneously called the perid- 
ium, which makes up the wall and 
overlies the hymenium, is gameto- 
phytic. The peridial hyphae of Pilacre 
are composed of the end branches of 
the hyphae, which are massed together 
below in parallel arrangement to form 
the stipe. Reaching the head, they 
develop the curiously contorted 
branches which, interlocking, form the 
peridium, through which the spores are 
slowly sifted out. As the fruit ages, 
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the peridial branches break away, ex- 
posing the spores tangled in the gleba. 
The peridial branches are first grayish 
in color and are scarcely to be dis- 
tinguished from the rest of the young 
fruit body. As soon as spores are 
formed the head becomes ash-gray or 
cinereus. It is not difficult to deter- 
mine by the change in color of the head 
when the first basidiospores are formed. 
As noted previously, the peridium is 
composed of sporophytic hyphae. This 
is proved by the fact that clamp con- 
nections regularly occur on_ these 
hyphae. In a culture bearing only 
conidia one looks in vain for such clamp 
connections, but as soon as the whitish 
flecks or mounds of mycelium develop 
on the conidial layer of the gameto- 
phytic mycelium, clamp connections 
can be found on those hyphae con- 
nected with the white mycelium above. 
The contrast between the coarse brown 
mycelium of the Rhizoctonia stage 
of Corticium vagum and the delicate 
whitish sporophytic hyphae bearing 
basidia is not greater than is found in 
the two stages in the life history of 
Pilacre. 

Brefeld (7) drew his figures of hyphae 
bearing basidia and basidiospores from 
fruit bodies developing on bark. He 
germinated these spores and obtained 
cultures which produced only conidia. 
Later (8, p. 164) he reports producing 
the complete life cycle from basidio- 
spores in culture. While these figures 
were drawn with the same care which 
he always gave to the details, when it 
comes to interpretation of his findings, 
he is moved to magnify similarities and 
to discount differences in comparing 
the basidia and their spores with the 
conidiophores and their conidia. As 
noted above, believing that a proto- 
basidium is derived in the process of 
evolution from a conidiophore becom- 
ing septate or reduced to a definite 
structure with ultimately four cells, 
each cell producing a single spore, he 
says that the basidiospores and the 
conidia of Pilacre are about the same 
size, differ only a little in form, arise in 
exactly the same way, germinate 
exactly alike, and produce identical 
mycelia. In reality, the conidia and 
basidiospores are very different in color, 
they are absolutely dissimilar in form 
and are borne on hyphae with entirely 
different characteristics and origin. Of 
course the mycelium that develops from 
a germinated basidiospore could not 
differ from the mycelium which devel- 
ops from a conidium, both structures 
being gametophytic. Hyphae giving 
rise to basidia are snow kite. of deli- 
cate proportions, have clamp connec- 
tions and sterile tip branches which 
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take part in the formation of the “ perid- 
ium.” Clamp connections are now 
looked upon as an indication of the 
sporophytic condition of a mycelium. 

he recent work which has been done 
on the development of mushroom 
fruiting bodies from two strains of 
mycelium shows that in certain cases no 
clamp connections are formed in cul- 
tures from a single strain, but when two 
strains properly chosen are grown 
together so that anastomoses can occur, 
one begins to find clamp connections, 
and later the mushroom fruit body will 
develop. In such forms the binu- 
cleated condition of the hyphal cells is 
supposed to arise only along with or 
after clamp connections are developed. 
‘The presence of clamp connections 
on hyphae is commonly accepted as an 
indication that the fungus belongs in 
the basidiomycete line, but failure to 
find such structures does not mean that 
the fungus must be excluded from this 
group. For example, Gilbert (20) did 
not find clamp connections on the 
hyphae of Dacryomyces. Here in some 
way, not determined, either as the 
result of anastomoses or by division of 
the nuclei, the cells below the hymen- 
ium become binucleated. After fusion 
of the two nuclei in the young basidium 
and the reduction divisions which fol- 
low, two of the four nuclei degenerate 
so that only two basidiospores are 
developed. Juel (2/) as the result of 
cytological studies of Stilbum vulgare 

ode believes that the fungus is a true 
Basidiomycete. He finds no clamp 
connections. On the other hand, the 
spores are regularly formed on club- 
shaped structures which originate as 
binucleated cells. The two nuclei then 
fuse. The fusion nucleus divides once 
and before the second division occurs a 
septum is laid down so that the 
basidium becomes 2-celled with one 
nucleus in each cell. The second divi- 
sion now occurs, but one of the daughter 
nuclei in each cell degenerates, so that 
only two basidiospores are developed. 
Juel points out that Pilacre and Pila- 
crella are angiocarpous while Stilbum is 
gymnocarpous. The peridium or cover- 
ing surrounding the fertile tissue in the 
first two forms is of the simplest 
character. 

According to Brefeld’s figures, one 
can see that the conidia vary consider- 
ably in shape and size, some being long 
re § narrow, Others oval or nearly 
spherical. Some are exceedingly small, 
others very large. Lack of uniformity 
in shape and size is as striking as in case 
of the conidia of Cladosporium, for 
example. The conidial stage of Pilacre 
is to be looked upon as a separate and 
distinct spore form in the life history of 
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the fungus. Since conidia develop 
abundantly on agar cultures and on 
pieces of sterilized beech branches in 
test tubes, it is to be expected that this 
stage will be found in nature if one 
looks for it at the right time. 


TAXONOMIC AND NOMENCLATORIAL 
RESUME 


This fungus, like most others, has 
had several generic and specific names 
applied to it. So far as known at 
present it was first described by Fries 
(13) in 1818 as Onygena faginea. 
Fries placed the fungus among the 
Gasteromycetes. This, however, is of 
little significance when we consider his 
conception of that group, which is 
indicated by the fact that he included 
in it not only true puff balls but also 
many Myxomycetes, Hyphomycetes, 
Discomycetes and even Agarics, for 
example, Nyctalis. The chief charac- 
ter upon which he relied, apparently, 
in determining relationship in these 
cases was the production of a powdery 
mass of spores of some kind. 

There seems to be no doubt in regard 
to the fungus described by Fries as 
Onygena faginea, as the writers are 
informed by Professor Juel of Upsala, 
Sweden, who has kindly searched 
Tries’s herbarium for them that there 
are several specimens of this species 
to be found there. One was sent by 
Schweinitz (34, p. 65) under the name 
Onygena decorticata Pers. and is men- 
tioned by Fries (16, p. 209) as O. 
faginea Fr. and not Persoon’s species 
(29, p. 72). The writers have ex- 
amined duplicates of this gathering 
from Schweinitz’s collection and find 
them to be typical Pilacre faginea 
(Fr.) B. and Br. There is also a speci- 
men from Ohio in Fries’s herbarium sent 
by Berkeley under the same name, and 
a Swedish specimen, which Professor 
Juel says ‘probably ought to be con- 
sidered as the type of the species 
Pilacre faginea. It is labeled in Fries’s 
hand ‘‘Ecchyna faginea Fr. Nobilis- 
sima Femsjo.” Professor Juel says (in 
litt.) of this specimen ‘‘as far as I can 
see it is a typical specimen of what has 
been called ‘‘Pilacre petersii or P. 
faginea which I suppose to be synony- 
mous.” 

It requires very little study of this 
fungus to show that it does not belong 
in the genus Onygena of Persoon, the 
type of which is the common discomy- 
cete O. equina, found on decaying 
hoofs and horns of animals. The 
generic name Onygena is now generally 
accepted and applied to the discomy- 
cete and probably no one would now 
suggest applying it to Pilacre faginea. 


Fries’s first description of the genus 
Pilacre was written in 1825 (14, p. 
364). This description is too general 
and indefinite to connect it with any 
specific fungus at present. At the end 
of the description Stilbum incarnatum 
Weinmann (in litt.) is cited. Just 
what plant Fries had from Weinmann 
under this name no one has yet de- 
termined. Professor Juel has kindly 
searched through Fries’s herbarium 
for the specimen of this from Wein- 
mann but has been unable to find it 
under Pilacre or any of the various 
generic names which have at one time 
or another been suggested in connection 
with it; for example, Ecchyna, Ony- 
gena, Stilbum, and Roesleria. Pro- 
fessor Juel thinks it probable that the 
plant referred to was a lichen and the 
description certainly suggests Conio- 
cybe or Calicium. He finds under 
Calicium, specimens from Weinmann 
but nothing labeled incarnatum or 
Weinmannii. Fries, in 1829 (16, p. 
204), renamed the fungus, dedicating 
it to the collector, Doctor Weinmann 
of Petrograd. Dr. de Jaczewski of 
Petrograd has kindly made a search 
for Weinmann’s collections. In a letter 
just received he says: “About the 
collections of Weinmann, I am sorry 
to say there is nothing left, neither at 
the Academy nor anywhere else.” 
This species is therefore indeterminable 
and must be abandoned. 

Boudier (4) discussed Pilacre and 
asserted that it is synonymous with 
Roesleria of Von Thiimen. He based 
his conclusion primarily on the suppo- 
sition that P. weinmannii Fr., the origi- 
nal species of the genus, is identical with 
Roesleria hypogea Thiim. There is 
nothing in the original description of 
Fries to justify such a conclusion and 
he gives no evidence of having seen the 
type or authentic specimens. It seems 
far more probable that the original 
specimen of Weinmann was a lichen, as 
already mentioned and suggested by 
Professor Juel. The original name incar- 
natum of Weinmann alone would seem 


’ to preclude the possibility of the fungus 


being Roesleria, which has no sugges- 
tion of such color in any stages of devel- 
opment. If further evidence were de- 
sired, it would be found in the statement 
that incarnatum was found growing on 
bark while Roesleria hypogea always, so 
far as known, grows underground on 
roots. 

Fries’s last mention of the genus was 
in 1849 (17, p. 361) where he gives a 
ee descrip tion only and says ‘‘Cfr. 

einm, Ross,” referring to Weinmann’s 
paper (37). Since Fries’s monotype of 
the genus can not be determined and 
since no other species were ever referred 
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to it by him, it would seem that the 
name should be abandoned or a type 
for it sought elsewhere. 

Weinmann (37) referred two more 
species to the genus Pilacre, P. subter- 
ranea and P. friesii. These species are 
now both regarded by some authors as 
being synonomous with the Discomy- 
cete Roeslerea hypogea Thiim. et Pass 
(see Beckwith, 2). In 1834 Weinmann 
(38) transferred his Pilacre friesii of 
1832 to the genus Onygena and de- 
scribed another species, which he called 
Pilacre friesii and which, according to 
the original description, might be re- 
garded as a synonym of Pilacre faginea. 
All these species of Weinmann are 
somewhat doubtful, as no type or au- 
thentic specimens have been seen or 
identified by recent authors. 

It is very clear from the description of 
this genus and the species referred to, 
that the authors had very little definite 
knowledge of the structure and rela- 
tionships of the specimens with which 
they were dealing. It will be noted 
from the account given above of Fries’s 
treatment of his genus Pilacre that he 
never referred to it his Onygena faginea. 
This was first referred to the genus by 
Berkeley and Broome in 1850 (3, p. 
365). Itis clear from Fries’s treatment 
of O. faginea that he was more or less 
doubtful from the beginning as to its 
pert and finally in 1857 (19, p. 

151) decided to call it Ecchyna faginea. 

The history of the genus Ecchyna 
also show how unsatisfactory his ideas 
of the application and limits of some of 
the names he proposed were, especially 
when they related to the smaller fungi, 
a real knowledge of which required a 
more or less careful microscopic study. 
Fries proposed this name Ecchyna in 
1819 (14, p. 80), giving the name only 
and adding ‘‘l. c.”” What the ‘1. ¢.” 
refers to the writers have been unable 
to determine. The first work cited 
above on the page contains no mention 
of this name so far as they can discover, 
nor have they been able to find mention 
of it in any of the earlier works referred 
to by him in the publication cited. 

The next mention of this name by 
Fries, in 1825 (15, p. 151), is in an ob- 
servation under’ the description of 
Onygena of Persoon, in which he says 
he finds a notable fungus with hornlike 
branches but without heads, which he 
has called Ecchyna, but it may be a 
monstrous form of O. faginea. His next 
mention of this generic name is in 1849 
(17, p. 446) in a footnote in Latin under 
O. faginea, which we translate as fol- 
lows: “There exists intermediate be- 
tween this and Onygena faginea and the 
next [Lasioderma] a fungus provision- 
ally named Ecchyna.” A brief discus- 


sion follows jin which he says ‘‘it is 
without asci.’ 

His next reference to this genus is 
in 1851 (18, p. 185) in which he says 
in Latin: 

I have proposed Ecchyna for Onygena faginea 
only as asubgenus of Onygena. It is very different 
from Pilacre to which my friend Berkeley refers it. 
It might be justifiable to propose Onygena faginea 
as an entirely distinct genus, but however others 
may feel it is impossible for me, trusting to the 
harmony of nature to attribute great weight to 
microscopical characters which are easily inter- 
preted by morphological and physiological laws. 

This incidentally throws interesting 
light upon Fries’s mode of reasoning 
and interpreting nature. Fries’s next 
mention of this species is in 1857 
(19, p. 151) where he simply gives the 
name in a list of the species of Gastero- 
mycetes occurring in central Sweden. 
Whether he was still in doubt as to the 
full generic rank of the name is not 
indicated. It is, therefore, difficult 
to say when, if ever, the name was 
really proposed as a genus by Fries. 
Notwithstanding this, Patouillard, 1900 
(28, p. 37), takes up Ecchyna as a valid 
generic name citing Fries’s footnote of 
1849 as the place of publication. 

If the generic name of this fungus is 
to be selected on the basis of priority 
of publication, there are at least two 
much older names than Ecchyna, 
the application of which is undoubted. 
The first of these is Phleogena Link, 
1833 (24, p. 396). Link described the 
genus and then the monotype, Phleogena 
faginea and cites Onygena faginea 
Fries, as a synonym. This name 
appears to have been entirely neglected 
and is the oldest valid name known at 
present according to the priority rule. 

In 1854 (9, p. 47) Corda, recognizing 
that Onygena faginea Fries, was very 
different from the true Onygena of 
Persoon, gave the species another 
generic name, Botryochaete. Corda 
apparently overlooked or disregarded 
the fact that Link had already pro- 
posed a generic name for the same 
species. Neither of these names ever 
came into general use. 

Berkeley and Broome in 1850 (3, p. 
865) first referred Onygena faginea of 
Fries to the genus Pilacre, and this 
combination has been generally used 
ever since. The same fungus was 
described by Berkeley and Curtis in 
1859(3, v. 3, p. 362) from American speci- 
mens collected by Peters in Alabama 
and named Pilacre petersii. Saccardo 
in his Sylloge (32, p. 362) has referred 
ten species to Pilacre. Of these P. 
friesii Weinmann and P. petersii, 
B. & C. are apparently both synonyms 
of P. faginea, the latter certainly so. 
The other species mentioned are un- 
known to the writers; they can not 
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therefore say whether these are con- 
generic or not. P. pallida, E. & E. 
(12, p. 59) is a very different fungus, as 
the writers have determined by an 
examination of some of the original 
material upon which the species was 
based, and is certainly not congeneric 
with P. faginea. 

In view of the fact as already in- 
dicated, that the original type of the 
genus Pilacre of Fries is unknown and 
that the name has been generally 
applied for the last 74 years to the 
fungus originally named Onygena fagi- 
nea by Fries the writers propose to 
adopt Pilacre on the basis of general 
usage and assign to it as its type the 
common and well known species P. 
faginea, with which it has been so long 
associated. This procedure, they be- 
lieve, will best serve the primary 
purposes and aims of binomial nomen- 
clature, by fixing once for all with 
certainty the application of this well- 
known and established name, thus 
avoiding the necessity for any change 
in the future. It may be of interest 
to note that Mdller (26, p. 54) arrived 
at the same conclusion in regard to 
the application of this generic name. 

The synonomy of this species so 
far as known at present is as follows: 

Onygena faginea Fr. 1818 (18, p. 25.) 

Onygena decorticata Schw. 1822 ($4, p. 65.) 
(Not O. decorticata Pers. 1799. 29. 

Phleogena faginea (Fr.) Link 1833 (24, p. $96.) 

Pilacre friesii Weinm. in Linnaea 1834 (88, p. 
418-414.) Noe P. friesii Weinm., in Flora, 
1832. $7, p. 458.) 

Pilacre faginea (Fr.) Berk. & Br. 1850 (3, p. 


365. 
Botryochaete faginea (Fr.) Corda 1854. (9, 


Eechyna fagines Fr. 1857 (19, p. 151.) 
Pilacre petersii Berk. & Curt. 1859 ’, p. 362.) 
Stilbum pilacreforme Rich. 1881 (30) 
and 1882 (31, p. 241), cited as a syno- 
nym by Beckwith (2), does not appear, 
according to Richon’s description, to 
be Pilacre. However, the writers have 
not seen Richon’s specimens and so 
can not speak positively. 


MORPHOLOGY AND RELATIONSHIP 


As already stated, Fries (13) re- 
ferred this fungus to the Gastero- 
mycetes. This, however, has little 
significance on ‘account of his lack of 
knowledge of the morphology and de- 
velopment of the fungus and also as it 
was the result of the most superficial 
observation. Neither Link nor Corda, 
both of whom renamed the fungus, 
added any thing of value to our know- 
ledge of it. Corda (9, p. 46), however, 
did consider it a basidiomycete and 
placed it next to the hypogaeous 
Gasteromycete, Melanogaster. He 
says that the family to which it 


belongs is doubtful and the genus is of 
uncertain affinity, but emphasizes the 
fact that it has basidia although he 
stated that they are 1- to 4-spored. 
The next writer to consider the 
relationship of this fungus was Tu- 
lasne (35, p. 294-295). He first 
regarded Pilacre as related to Ptycho- 
gaster, the conidial or chlamydospore 
condition of a Polyporus. Later 
(36, p. 228) he investigated the spore 
formation of Pilacre and made another 
interpretation comparing it to Hy- 
pochnus purpureus and regarding it 
as related to the Auriculariae. De 
Bary (1, p. 335) does not seem to 
have made any particular study of 
this fungus and gives Tulasne’s earlier 
interpretation of it. The next con- 
tribution to our knowledge of this 
plant was made by Schroeter in 1877 
(33). In connection with a discussion 
of the systematic position of Tu- 
lostoma, he mentions Tulasne’s studies 
of Pilacre and states that according to 
his illustrations of the spore formation, 
these two fungi are very similar, and 
he says that instead of being closely 
related to Hypochnus, he regards it as 
much more closely related to Tulo- 
stoma, and concludes with the state- 
ment: “TI ‘e - ard it as apparent that 
this fungus, Pilacre, which has here- 
tofore been placed in different families, 
is the type as already noted of a second 
genus of the family Tulostomaceae.”’ 
It remained for Brefeld to give us 
the first clear and accurate account of 
the life history of this fungus. He 
grew it in culture and obtained a conid- 
ial condition which is a Hyphomycete 
similar in general structure and appear- 
ance to Rhinotrichum or Haplaria. 
He also gave detailed illustrations of its 
perfect condition with the typical trans- 
versely divided four-celled basidia and 
basidiospores. He regarded the fungus 
as closely related to the Auriculariales 
at first, but in his later summary or 
review of his work he mentions the 
similarity between the basidia of 
Pilacre and Tulostoma (7, p. 197) and 
also meniions the general resemblance 
of the fruiting bodies, both being 
angiocarpous; in his final arrangement 
of the fungi he places Pilacre interme- 
diate between the Auriculariaceae and 
Lycoperdaceae. His idea in regard to 
the relation between the conidial form 
and the perfect stage and its significance 
as to the development of the Basidio- 
mycetes from the Hyphomycetes is, 
of course, now generally regarded as 
untenable. 
Miller (26, p. 48-64), one of Brefeld’s 
students, was the next to treat of this 
fungus and some of its relatives. He 
found in Brazil a fungus which he re- 
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garded as identical with Pilacre petersii 
of Europe. He was, however, unable 
to germinate the spores of the fungus 
and so did not obtain pure cultures. 
He found, however, other fungi which 
he regarded as belonging to the Proto- 
basidiomycetes and related to Pilacre. 
One especially interesting belongs to 
the genus Pilacrella, differing from 
Pilacre in having a much looser head 
without a distinctive peridium, but 
producing prolonged branching hyphae 
all about the head. This fungus also 
produces a conidial form of hyphomyce- 
tous character entirely distinct from the 
basidiomycetous fructification. The 
conidia are sometimes borne laterally 
on the four terminal cells of the hyphae, 
suggesting somewhat in appearance the 
basidia. This led Médller to consider 
this fungus as showing a perfect transi- 
tion between the Hyphomycetes and 
the Basidiomycetes. Mdller regarded 
Pilacre as being most closely related to 
Stypinella, a genus of Auriculariaceae. 
No recent additions have been made to 
our knowledge of Pilacre. 

Lindau (23, p. 86) places the genus 
Pilacre in the Auriculariaceae. Sac- 
cardo (32, p. 579) places it in the Stil- 
baceae of the Hypomycetes, but speaks 
of its possible relation to Roesleria 
and its lack of a typical hyphomycetous 
character. He includes 10 species, 
most of which have been described by 
Berkeley and Broome and Berkeley 
and Curtis. These are all from the 
Tropics and very little is known in 
regard to their structure or relation- 
ship. 

Bayliss-Elliott and Grove (11) also 
discussed the fungus and regarded it 
as probably the conidial condition of 
Roesleria. Overholts, 1922 (27, p. 
165), says he was also able to find the 
cross walls in the basidia, which are 
characteristic of the Auriculariales; 
but says that the fungus departs 
widely in consistency and habit from 
other members of the order. Lloyd 
(25) in a recent reference to the fungus 
considers it a hyphomycete. 

Beckwith (2) has pointed out that 
many authors have confused Pilacre 
with Roesleria and Coniocybe, some 
claiming that Pilacre petersit is merely 
a conidial stage of Roesleria. She 
has shown by pure cultures that Roes- 
leria develops only ascocarps in culture. 

As a result of the writers’ studies of 
this fungus and those cited bearing on 
this and other fungi which are more or 
less related to it, they are of the opinion 
that it represents what might be ap- 
propriately called a protogasteromy- 
cete. Its nearest known relative at 
present among the Gasteromycetes is 
apparently Tulostoma, as suggested by 


Schroeter (33). It is not unlikely that 
when the fungi of the world are more 
fully known other genera will be found 
partially bridging the gap between 
genera like Pilacre and Tulostoma. 

As already indicated, Brefeld and 
Méller showed that Pilacre faginea 
possesses true basidia, and on account 
of these being transversely septate and 
bearing lateral spores regarded it as 
more closely related to the Auricu- 
lariales than to the Gasteromycetes. 
Brefeld (5, p. 194) at first, basing his 
opinion on Tulasne’s account of Pil- 
acre, stated that the Gasteromycetes 
had most probably arisen from a simi- 
lar form. Schroeter pointed out its 
angiocarpous character and the re- 
semblance of the basidia and spore 
formation to that of Tulostoma. 

Eidam (10) has shown the presence 
of clamp connections in Cyathus and 
Crucibulum, while so far as the writers 
know at present, these have not been 
found in the Auriculariales. This 
would also appear to indicate the 
closer relationship of Pilacre to the 
Soyemennpenten than to the Auriculari- 
ales. 


SUMMARY 


The life history of Pilacre faginea as 
determined by Brefeld has been verified 
by pure cultures from basidiospores and 
also from conidia, the perfect or bas- 
idiomycetous stage being produced in 
both cases. It is shown that this fungus 
has true basidia, each arising from a 
clamp connection, which is a two-nu- 
cleate structure. These nuclei fuse and 
undergo two divisions so that the ma- 
ture basidium consists of four uninu- 
cleate cells. 

The fungus is shown to possess two 
distinct stages of development, the 

ametophytic and sporophytic, dif- 
ering in the color and character of the 
mycelium and in the character anc. 
method of production of the spores. 
The conidial stage (gametophytic) has 
the general appearance of a hyphomy- 
cete similar to Rhinotrichum or Hap- 
laria. The basidial stage (sporophytic) 
has the general characteristics of a 
Basidiomycete, having clamp connec- 
tions and uniformly four-spored basidia. 
The sporophytic stage produces a 
distinct more or less stipitate sporocarp 
having a gleba and peridium suggestive 
of a Gastarenagente. Brefeld and Mél- 
ler, who made careful studies of the 
fungus, regarded it as intermediate 
between the Auriculariales and Gaster- 
omycetes. Schroeter regarded it as 
having closer affinities with the Gaster- 
omycetes. 

he evidence accumulated by the 
writers leads them to regard this fungus 
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as a Protogasteromycete, whose nearest 
known relative among the puff balls 
appears to be Tulostoma. 

he history of the nomenclature of 
this fungus shows a difference of opinion 
as to the — of the generic name 
Pilacre. here seems to be no good 
reason for regarding it as a synonym of 
Roesleria, as the original type of the 
genus is unknown and undetermined. 

The writers adopt and recommend 
the application of the generic name 
Pilacre to P. faginea as the nomen- 
clatorial type of the genus because this 
name has been established and in 
general use for this fungus for the past 
74 years. 

It is shown that this fungus has no 
relation to Roesleria, the Discomycete 
which some authors have considered as 
a perfect stage of Pilacre faginea. 
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TOXICITY STUDIES WITH DICYANODIAMIDE ON PLANTS! 


By F. E. Auuison, Biochemist, Fixed Nitrogen Research Laboratory, J. J. SKINNER, 
Biochemist, and F. R. REID, Assistant Biochemist, Soil-Fertility Investigations, 
Bureau of Plant I ndustry, United States De partment of Agriculture 


INTRODUCTION 


The conclusions reached from the ex- 
perimental work dealing with the effect 
of dicyanodiamide on plant growth 
which have been reported by various 
investigators vary widely. In some 
instances the compound has been re- 
ported as very toxic to plants, in others 
as merely unavailable as a nitrogen 
source for plants, and practically inert. 
At the Fixed Nitrogen Research Lab- 
oratory of the United States Depart- 
ment of Agriculture as well as elsewhere, 
experiments have shown that small 
quantities of dicyanodiamide prevent 
nitrification in the soil. It seemed, 
therefore, that possibly the bad effects 
of the compound might be due to the 
fact that in its presence the soil nitro- 
gen is not converted into nitrates or at 
least is converted so slowly that plants 
undergo nitrate starvation. Thus dicy- 
anodiamide would act as an indirect 
rather than direct poison to plants. The 
experiments reported here were planned 
to determine this point by studying the 
growth of plants in soils containing 
dicyanodiamide and varying quantities 
of sodium nitrate. 


SOILS AND PLANTS USED IN 


EXPERIMENTS 


THE 


The soils used were Norfolk sandy 
loam, a Coastal Plain soil obtained from 
near Norfolk, Va., and Chester loam, a 
Piedmont Plateau soil secured from 


near McLean, Va. The plants used 
were wheat and cowpeas. 


SOIL PREPARATION 
FERTILIZATION 


AND 


The materials to be tested were 
thoroughly mixed with each 10-pound 
portion of sieved soil and put into 
1-gallon glazed pots and planted, each 
treatment being in duplicate. After 
germination was complete the plants 
were thinned to 10 and 5, respectively, 
for wheat and cowpens. 


All pots except those designated as 
‘no fertilizer’? received 80 pounds of 
P,O; and 40 pounds of K,O per acre in 
the form of monocalcium phosphate 
and potassium sulphate, respectively. 
The calculations were based on 2,000,000 
pounds of soil per acre to a depth of 6 
inches. The sodium nitrate and di- 
cyanodiamide were applied at various 
rates and in varying proportions. 
Check pots were included in which the 
normal applications of phosphate and 

otash were made, but no nitrogen. 
n the tables which follow, the term 
fertilizer ratio refers to the ratio of 
NH;, P,O;, and K,O in the order named. 


DURATION OF EXPERIMENTS 

The wheat was planted on March 18, 
1922, and cut on May 1, 1922. During 
this period the pots were weighed at 
frequent intervals and the water lost 
by evaporation restored. The wheat 
was harvested sooner than desired be- 
cause of an unusually severe attack of 
mildew. 

The cowpeas were planted on May 
16, 1922, and cut on June 21, 1922. 
The excessive heat in the greenhouse 
was causing many of the lower leaves 
to drop, making necessary the early 
termination of the experiment. 


EXPERIMENTAL RESULTS 
First EXPERIMENT 


RESULTS WITH WHEAT 


A. Sodium Nitrate Constant, 
Dicyanodiamide Variable 


The results from pots of wheat 
treated with varying quantities of 
dicyanodiamide, together with a con- 
stant and adequate nitrate supply, 
are given in Table I and Figure 1. 
Tests were also included using sodium 
nitrate and dicyanodiamide singly for 
comparison. 


| Recent va sattiesiion : June 5, 1924; issued in 1925. The ebiiintite herein reported were 
conducted at Arlington, Va., the Soil Fertility greenhouses being used. 
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These figures show that dicyano- 
diamide at the high rate of 40 pounds 
of ammonia per acre is only slightly 
toxic to wheat under the conditions 
used. On the sandy Norfolk soil the 
decrease in weight of the plants 
amounted to approximately 17 per 
cent and on the Chester loam to 13 
= cent, as compared with the control. 
Where sodium nitrate was used together 
with different quantities of dicyano- 
diamide, the green weights were prac- 
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toxic to wheat to a slight extent-at 
the high rate used but can not be con- 
sidered as a marked direct poison. It 
did not greatly lessen the fertilizing 
value of sodium nitrate or greatly 
affect the growth of the plants. 

The observations made _ during 
growth of the wheat corresponded 
rather closely to the final green weights. 
Dicyanodiamide caused a slight tip- 
burning at all rates of application on 
the Norfolk sandy loam, the burning 
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Fic. 1.—Diagram showing the yields of wheat from pots receiving various amounts of dicyanodiamide 
and sodium nitrate 


tically as large with the dicyanodiamide 
as without in the case of the lighter 
soil. The dicyanodiamide did cause 
a slight drop at the highest rate, but 
this was almost within experimental 
error. ‘On the Chester loam the re- 
sults were similar, except that both 
20 and 40 pounds of ammonia as 
dicyanodiamide used with sodium ni- 
trate caused slight decreases as com- 
pared with nitrate’alone. These results 
seem to show that dicyanodiamide is 


being greatest when the plants were 
about 2 weeks old. There was a par- 
tial recovery later. At the rates of 
20 and 40 pounds of ammonia, many 
of the leaf tips were burned back 2 
to 3 inches. The rate of growth did 
not appear to be greatly affected, 
however. The burning effect was 
not lessened by application of sodium 
nitrate. On the Chester loam there 
was practically no burning at any 
time. 
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TABLE I.—Green weights of wheat from pots receiving various quantities of dicyano- 
diamide in the presence of a constant nitrate supply 





Treatment ¢ 
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Fertilizer ratio 
NH3-P:0;-K30 


0-8-4 


4-8-4 


4-8-4 


Sotienp nitrate 40, dicyanodiamide \ 4. 5-8-4 


| 
Sodium nitrate 40, dicyanodiamide } 5-8-4 
10 


6-8-4 


Sodium nitrate 40, dicyanodiamide \ 8-8-4 
4 | 


| Norfolk sandy loam 





Green | Aver- 





weight| age ps 
| check 
eared | 

4 

L Be OP hci 
9.2 
9.0 
9.3 

4 ao 
9.2 
182 | 
17.8 

| us| 19.2, 103 
1.7 
6.8 

{ 3} 7.4| <15 
| 
18.8 

{ th 18.9) 10.0 
18.4 

{ eal 18.9) 10.0 
20.4 

{ 33} 19.2) 103 
17.6 

{ wel 18.3 9.4 








Chester loam 
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* In this table and those which follow the figures refer to pounds of nitrogen per acre expressed as NH3 


(2,000,000 pounds of soil). 


TABLE II.—Green weights of wheat from pots receiving various quantities of sodium 
nitrate in the presence of dicyanodiamide 





Treatment 


No fertilizer_. 
No nitrogen ak 
Sodium nitrate 40_... 


Dicyanodiamide 40. ...........-..-. 
Dicyanodiamide 40, sodium nitrate 








Fertilizer ratio 
NH3-P205-K20 


4-8-4 
4-8-4 
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B. Dicyanodiamide Constant; Sodium 
Nitrate Variable 


The green weights of wheat from 
pots receiving dicyanodiamide at a 


rate equivalent to 40 


pounds of 


ammonia per acre with 0 to 40 pounds 


of sodium nitrate are given in Table II 


and in Figure 1. 
in the presence 


The data show that 
of sodium nitrate 


dicyanodiamide continues to exert an 
injurious, although not very noticeable, 


effect on the plants. 


Considering the 


pots receiving dicyanodiamide alone 
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as the check, it will be observed that 
sodium nitrate produced an increase 
of growth in about the same proportion 
as would be expected where the only 
source of nitrogen was nitrate. On 
the sandy loam nitrate equivalent to 
5 pounds of ammonia per acre was 
more than sufficient to counteract the 
40 pounds of ammonia as dicyanodia- 
mide. On the Chester loam this 
quantity was not quite sufficient, but 
10 pounds was more than adequate. 


Dicyanodiamide and Sodium Ni- 
trate in Varying Proportions; 
Nitrogen Constant 


This experiment was planned so 
as to keep the nitrogen content con- 
stant throughout while supplying the 
nitrogen as dicyanodiamide and sodium 
nitrate in different proportions. Such 
mixtures would approximate ordinary 
fertilizer practice on the basis of 
nitrogen content, but would contain 
a portion of the nitrogen as unavailable 
dicyanodiamide. The data given in 
Table III and shown in Figure 1 
confirm the results reported in previous 
tables, again demonstrating that di- 
cyanodiamide is not markedly toxic 
and that the reduction in green ae 
is overcome by the application 
very small quantities of saaben: Toda 
The yields obtained with mixtures of 
the two materials depended almost 
wholly on the nitrate content, particu- 
larly on the sandy soil. The yields 
on the Chester loam were somewhat 
irregular and not always in agreement 
with those to be expected from the 
fertilizer treatments. 


RESULTS WITH COWPEAS 


In order to determine the residual 
effects of dicyanodiamide applications, 
a few of the pots which had grown a 
crop of wheat were planted to cowpeas 
without additional treatment. The 
green — of the plants are given 
in Table IV. 

The results obtained on the Norfolk 
sandy loam show a marked injury by 
dicyanodiamide even to the second 
crop, in fact greater than to the first 
crop. However, there seems to be 
no doubt that the cowpea is much less 
tolerant of dicyanodiamide than is 
wheat. This point is well illustrated 
in subsequent tables. During growth 
the. cowpeas showed the same leaf 
yellowing and mosaic appearance as 
where fresh applications of dicyanodi- 
amide had been used, but possibly 
to a slighter degree. This is in agree- 

ment with the results reported by the 
majority of investigators which show 
that dicyanodiamide is not readily 
decomposed in the soil. Under green- 
house conditions, where there was no 
leaching, the dicyanodiamide would 
necessarily have to be broken up 
chemically in order for its injurious 
effects to be eliminated, unless perhaps 
a small amount might be removed from 
the soil solution by absorption. 

On the Chester loam the results 
obtained with cowpeas were somewhat 
indefinite, the mixture of dicyanodia- 
mide and sodium nitrate giving slightly 
smaller green weights than the check, 
whereas both dicyanodiamide alone 
and sodium nitrate alone gave increases 
over the no-nitrogen treatment. The 
differences are not very significant. 


TaBLe III.—Green weights of wheat from pots receiving varying quantities of both 
dicyanodiamide and sodium nitrate 


Treatment Fertilizer ratio 


No fertilizer - . - 

No nitrogen 

Sodium nitrate 40. 
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TABLE IV.—Green weight of cowpeas grown after wheat without additional fertiliza- 
tion 


NORFOLK SANDY LOAM 





Source of nitrogen * | 
| 


No nitrogen. ...-.-- 
Sodium nitrate 40........ 
Dicyanodiamide 40..................-.-- ; 


Dicyanodiamide 40, sodium nitrate 40 


\Fertilizer, Green 


| Increase 


Nodule 
formation 


or 
| Average | decrease 
over 


ratio weight 
check 


Abundant 
Do. 
Do. 
o_- 
eas Many. 
7.2 Do. 


Do. 
—7.7 abundant. 








No nitrogen 
Sodium nitrate 40...........- 
Dicyanodiamide 40 


Dicyanodiamide 40, sodium nitrate 40............_. 


32.7 


SESRSSRS 


SK nwmOoNCWOrKaD 
wa aa s —_ 


* The figures in this column refer to the quantities of nitrogen applied to the crop of wheat, previously 


grown in this soil. 


In Table IV, as well as in those which 
follow, a column is included showing 
the relative abundance of nodules. No 
doubt the abundance of nodules on the 
plants in some pots, especially in those 
containing the Norfolk soil, was quite 
a factor in determining growth. 


Seconp ExpEeRIMENT 


EFFECT OF VARIOUS AMOUNTS OF DI- 
CYANODIAMIDE WITH AND WITHOUT 
SODIUM NITRATE ON COWPEAS 


At the same time that the experi- 
ments with cowpeas reported on above 
were begun, another series was also in- 
cluded to determine the toxicity of 
dicyanodiamide to cowpeas and the re- 
lation of the nitrate supply to the in- 
jury. The results are given in Tables 
V and VI and illustrated in Figures 2 
and 3. Plates 1 and 2 show the plants 
just prior to harvesting. 

The results reported in Table V with 
the Norfolk sandy loam were somewhat 
unexpected. The soil which grew such 
a poor crop of wheat in the absence of a 
nitrogenous fertilizer showed negligible 
responses to sodium nitrate with cow- 
peas. Furthermore, small applications 


of dicyanodiamide depressed the yield 
quite markedly, while the larger quan- 
tities injured germination and practi- 
cally killed the plants which did appear 
above the surface. In these extreme 
cases, the roots became brown and 
rotted. The use of sodium nitrate with 
the dicyanodiamide increased the in- 
jury up to 20 pounds of ammonia per 
acre and decreased it slightly there- 
after. These results are decidedly dif- 
ferent from those obtained with wheat. 

The data for the Chester loam show a 
fair increase in green weight of the 
plants resulting from the use of 
sodium nitrate alone. Dicyanodiamide 
depressed the yields at 20 pounds of 
ammonia per acre and above. Where 
sodium nitrate was used with the 
dicyanodiamide the injury by the 
latter was partially overcome. The 
results obtained with cowpeas on this 
soil agreed more nearly with those 
obtained with wheat than was true 
with the lighter soil experiments.: 
Nevertheless, the dicyanodiamide in- 
jury was greater for cowpeas than for 
wheat, as shown both by green weights 
and the yellowing and mosaic effects 
on the leaves. 
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A.—Effect of dicyanodiamide on cowpeas grown on Norfolk sandy loam. The applications are expressed 
as pounds NH; per acre. 1, no nitrogen; 2, dicyanodiamide, 5; 3, dicyanodiamide 10; 4, dicyano- 
diamide 20; 5, dicyanodiamide 40; 6, dicyanodiamide, 80 

B.—Growth of cowpeas on Norfolk sandy loam, receiving a constant quantity of sodium nitrate and vary- 
ing quantities of dicyanodiamide. The applications are expressed in pounds NH&s per acre. 1, no 
nitrogen; 2, sodium nitrate 40; 3, sodium nitrate 40, dicyanodiamide 5; 4, sodium nitrate 40, dicyano- 
diamide 10; 5, sodium nitrate 40, dicyanodiamide 20; 6 sodium nitrate 40, dicyanodiamide 40; 7, 
sodium nitrate 40, dicyanodiamide 80. 

C.—Growth of cowpeas on Norfolk sandy loam receiving a constant quantity of dicyanodiamide and 
varying quantities of sodium nitrate. The applications are expressed as pounds NHsz per acre. 
1, no nitrogen; 2, dicyanodiamide 40; 3, dicyanodiamide 40, sodium nitrate 5; 4, dicyanodiamide 40, 
sodium nitrate 10; 5, dicyanodiamide 40, sodium nitrate 20; 6, dicyanodiamide 40, sodium nitrate 40; 
7, dicyanodiamide 40, sodium nitrate 80. 

D.—Effect of dicyanodiamide on cowpeas grown on Chester loam. The applications are expressed as 
pounds NH; per acre. 1, no nitrogen; 2, dicyanodiamide 5; 3, dicyanodiamide 10; 4, dicyanodiamide 
20; 5, dicyanodiamide 40; 6, dicyanodiamide 80. 
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A.—Growth of cowpeas on Chester loam receiving a constant quantity of sodium nitrate and varying 
quantities of dicyanodiamide. The applications are expressed as pounds NHs per acre. 1, no 
nitrogen; 2, sodium nitrate 40; 3, sodium nitrate 40, dicyanodiamide 5; 4, sodium nitrate 40, dicyano- 
diamide 10; 5, sodium nitrate 40, dicyanodiamide 20; 6, sodium nitrate 40, dicyanodiamide 40; 7, 
sodium nitrate 40, dicyanodiamide 80 

B.—Growth of cowpeas on Chester loam receiving a constant quantity of dicyanodiamide and varying 
quantities of sodium nitrate. The applications are aes as pounds NHsz per acre. 1, no nitro- 
gen; 2, dicyanodiamide 40; 3, dicyanodiamide 40, sodium nitrate 5; 4, dicyanodiamide 40, sodium 
nitrate 10; 5, dicyanodiamide 40, sodium nitrate 20; 6, dicyanodiamide 40, sodium nitrate 40;7, dicy- 
anodiamide 40, sodium nitrate 80 
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EFFECT OF VARIOUS QUANTITIES OF 
SODIUM NITRATE WITH AND WITHOUT 
DICYANODIAMIDE ON COWPEAS 


The data given in Table VI for the 
Norfolk sandy loam further emphasize 
the results reported in Table V. 
Applications of sodium nitrate had 
little effect on the growth of cowpeas 
either when used alone or with dicyano- 
diamide. In the latter case the nitrate 
usually increased the injury slightly 
instead of counteracting it. 


The relative abundance of nodules 
on the roots of the cowpeas was not 
appreciably affected by the treatments, 
except that quantities of dicyanodiam- 
ide large enough to injure plant growth 
usually inhibited nodule formation. 
The untreated pots were usually the 
best inoculated. 


SUMMARY 


In pot experiments using Norfolk 
sandy loam and Chester loam, the 
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Fic. 2.—Diagram showing the yield of ewrpess from pots receiving various amounts of dicyanodiam- 
ide and sodium nitrate 


The results with the Chester loam 
agree very closely with those in Table 
V in showing a fair increase in growth 
with sodium nitrate. Furthermore, 
the dicyanodiamide injury was slightly 
less in the presence of nitrate nitrogen, 
10 pounds of the ammonia equivalent 
being sufficient to more than counteract 
40 pounds of ammonia as dicyanodia- 
mide. The leaf yellowing and other 
visible signs of the dicyanodiamide 
poisoning were not lessened in the 
presence of nitrate nitrogen. 


marked difference between the toxicity 
of dicyanodiamide for wheat and for 
cowpeas was especially noticeable. 
The injury to wheat was only slight, 
even at the high concentration of 40 
pounds of the ammonia equivalent per 
acre. For cowpeas, pounds of 
ammonia as dicyanodiamide was de- 
cidedly toxic. 

Where used on wheat, dicyanodiam- 
ide at the rate of 40 pounds of ammonia 
per acre produced some tip burning 
and decreased the green weights of the 





Mar. 1, 1925 


Toxicity Studies with Dicyanodiamide on Plants 


427 





plants 17 per cent on the Norfolk 
sandy loam and 13 per cent on the 
Chester loam. In the presence of 
sodium nitrate dicyanodiamide pro- 
duced the tip burning but did not 
markedly decrease the value of sodium 
nitrate. This indicates that dicyano- 
diamide is not a marked direct poison 
for wheat but is merely unavailable as 
a plant food and probably prevents the 
proper utilization of the soil nitrogen. 


Experiments to determine the resid- 
ual effects of dicyanodiamide showed 
that the material remained in the pots 
and produced a marked decrease in the 
second crop (cowpeas) on the sandy 
soil whether previously used with or 
without sodium nitrate. On the loam 
soil the residual effects were almost 
negligible. 

Additional experiments where cow- 
peas were grown in the presence of fresh 
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Fig. 3.—Diagram showing the yield of sowpes from pots receiving various amounts of dicyanodiam- 
e and sodium nitrate 


In the presence of 40 pounds of 
ammonia as dicyanodiamide, sodium 
nitrate equivalent to 5 pounds of 
ammonia on the lighter soil and 10 
pounds on the heavier was sufficient to 
counteract the decrease in the green 
weights of the wheat plants produced 
by the dicyanodiamide. Where sodi- 
um nitrate and dicyanodiamide were 
used in varying proportions, the green 
weights depended primarily upon the 
nitrate supply, the dicyanodiamide 
exerting only a slight injury and its 
nitrogen being unavailable. 


applications of dicyanodiamide showed 
that this plant is injured even by small 
applications of the material (5 pounds 
of ammonia per acre). Sodium nitrate 
usually did not counteract the injury 
and even increased it in several in- 
stances. Practically ali plants grown in 
the presence or absence of nitrate nitro- 
gen showed a yellowing of the lower 
leaves and a slight mosaic appearance of 
the others. With the larger applications 
on the sandy soil germination was 
affected and the plants were nearly dead 
when the experiment was terminated. 
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TaBLe V.—Green weights of cowpeas from pots receiving various quantities of dicy- 
anodiamide with and without sodium nitrate 
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The difference between the extent 
of the injury of dicyanodiamide on 
wheat and cowpeas suggests an explana- 
tion for some of the widely varying 
results reported in the literature. For 
one crop the material may be very 
toxic, even in small amounts, while for 
other plants it is nearly inert or indi- 


rectly toxic because of its prevention 
of nitrification. This emphasizes the 
desirability of further work with other 
crops. However, dicyanodiamide was 
somewhat toxic even for the more resis- 
tant crop, wheat, and for this reason 
the material should not be present in 
appreciable quantities in fertilizers. 
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TaBLe VI.—Green weights of cowpeas from pots receiving various amounts of sodium 
nitrate with and without dicyanodiamide 
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STUDIES ON THE SINGLE-INJECTION 


METHOD OF 


VACCINATION AS A PROPHYLACTIC AGAINST RABIES 


IN DOGS! 


By Harry W. ScHoENING 


Associate Veterinarian, =e Division, Bureau of Animal Industry, United 


States 
INTRODUCTION 


Immunization against rabies has 
been practiced for many years in both 
human and veterinary medicine. Its 
use has been confined almost exclusively 
to cases of exposure to rabies infection, 
and by means of the Pasteur and 
Hégyes treatments or their modifica- 
tions the mortality from the disease 
has been greatly reduced. These meth- 
ods, while efficient, are not applicable 
as a practicable means of controlling 
rabies in dogs—the principal source of 
propagation of the disease—inasmuch 
as a number of injections are required 
with the consequent entailment of 
considerable expense. 

Owing to the increase of rabies in 
Japan, Umeno and Doi? sought by 
means of vaccination a method for the 
control of the disease in dogs. After 
experimental work they concluded 


that it was possible to immunize dogs 
against rabies by means of one sub- 


cutaneous injection of glycerinated 
fixed virus which had been attenuated 
by the addition of phenol. This 
method was then put into practical 
use and large numbers of pet dogs in 
certain districts were given one dose 
of vaccine. 
Umeno and Doi state: 

By summing up the statistics obtained in Kana- 
- and Tokyo Prefectures we obtain the following 

gures: 

There were 31,307 vaccinated dogs, of which 
number there was only one case of vaccination loss 
and one in which the vaccination was not to be 
regarded effective enough. ‘There appeared quite 
& number of rabid dogs —_ the nonvaccinated 
dogs. Thus, we see the great importance of the 
vesstindiies of dogs in order to prevent the spread 
of rabies among dogs. 


Eichhorn and Lyon* and Reichel 
and Schneider‘ report experimental 
Stat with this method in the United 

ates. 


epartment of Agriculture 


The striking results of the practical 
application of the aay, eng vac- 
cine, as reported by Umeno and Doi, 
in Japan, together with the experi- 
mental results reported by Eichhorn 
and Lyon in the United States in 1922, 
led to the receipt by the Bureau of 
Animal Industry, United States De- 
partment of Agriculture, of numerous 
letters from veterinarians, public health 
officials, and dog owners requesting 
information as to the efficiency of this 
method of immunization and its prob- 
able use in the control and eventual 
eradication of rabies from communities. 

As rabies appears to be on the in- 
crease, particularly in certain sections 
of the country, and as the control of 
the disease is an important problem, 
not only from an economic point of 
view but also from a_ public-health 
standpoint, any method looking to the 
control of the disease in dogs deserves 
thorough consideration and _ study. 
Experimental work on this subject 
was therefore undertaken. 


PREPARATION OF THE VACCINE 


According to the method of Umeno 
and Doi, the vaccine is prepared as 
follows: 

The brain and spinal cord of a rabbit 
dead of fixed rabies virus infection are 
removed and thoroughly ground in a 
mortar. To the ground-up mass four 
times its volume of phenolized glycerin 
water is added. The glycerin water 
consists of 60 parts of glycerin and 40 
parts of water which contains 1.25 per 
cent phenol, making the glycerinated 
water contain 0.5 per cent phenol. 
After being thoroughly mixed, the 
emulsion is allowed to stand at room 
temperature of 18° to 22° C. for two 
weeks, or in the ice box for 30 days, 
after which tin time it is ) Bendy for use. 
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This technic is followed more or less 
closely by the majority of the com- 
mercial houses manufacturing this 
product. In several instances, how- 
ever, the fixed virus is killed by phenol, 
the resultant vaccine being a killed 
rather than an attenuated fixed virus. 


SOURCE AND DOSAGE OF VACCINES 


The vaccines used in the following 

experiments consisted of several lots 
repared in the laboratory of the 

Seen of Animal Industry, and of 
lots obtained from commercial houses 
manufacturing this product. The vac- 
cines prepared in this laboratory were 
made according to the method of 
Umeno and Doi, with the attenuation 
taking place at room temperature for 
two weeks. The dosage was 3 c. c¢. 
for dogs under 20 pounds, 5 c. ce. for 
dogs between 20 and 40 pounds, and 
10 c. c. for dogs over 40 pounds. 

The commercial vaccines were re- 
ceived in original sealed containers and 
were kept in the ice box until used. 
The dates on which the vaccines were 
used were well within the expiration 
dates marked on the outside con- 
tainers, and the dose given was accord- 
ing to the manufacturers’ directions. 


EXPERIMENTAL DATA 
METHOD OF INJECTION 


The loose skin back of the shoulder 
or elbow of the dog was shaved, the 
skin disinfected with 3 per cent phenol, 
dried, and painted with 3.5 per cent 
tincture of iodine. The proper amount 
of vaccine was then slowly injected 
subcutaneously in two or three places. 

After varying intervals of time the 
vaccinated dogs, together with a num- 
ber of control dogs, received an intra- 
ocular injection of rabies street virus. 


EFFECT OF THE INJECTION OF VACCINE 


The dogs were not inconvenienced by 
the injection of the vaccine. They 
remained lively and ate heartily at all 
times. In one case, however, the in- 
jection of the vaccine resulted in a 
death from rabies. Dog 440 was in- 
jected with 5 c. c. of Bureau of Animal 
Industry vaccine No. 1 on May 25, 
1922. On September 13, 1922, the 
dog showed signs of paralysis and on 
September 14 was stretched out on its 
side, completely paralyzed. It con- 
tinued in this condition through Sep- 
tember 15, and was found dead on the 
morning of September 16. Micro- 
scopic examination of smears from the 
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hippocampus revealed the presence of 
a few small Negri bodies. 

Three rabbits inoculated subdurally 
with brain material from dog 440 were 
completely paralyzed on the seventh 
day after inoculation and died two to 
three days later. Microscopic examina- 
tion of the brains of these three rabbits 
revealed the presence of a few small 
Negri bodies of the type usually seen 
in fixed virus. 

Reinoculation of rabbits with the 
brain of one of these rabbits was fol- 
lowed by typical rabies paralysis in the 
inoculated animals on the seventh day. 

Several more passages of this virus 
were made in rabbits, and in every 
instance complete paralysis occurred on 
the seventh day. 

These inoculation results clearly indi- 
eate that dog 440 died of rabies fixed- 
virus infection. Three other dogs 
received the same amount of this 
vaccine and on the same day as dog 
440, but’ remained perfectly healthy. 
This was the only case of death as a 
result of the injection of the vaccine. 


METHOD OF EXPOSURE TO STREET VIRUS 


One of the difficulties encountered in 
experimental work on rabies immuni- 
zation is the question of the mode of 
exposure and the amount of street virus 
to be injected. It is extremely diffi- 
cult or impossible to standardize street 
virus, owing to the variable action of 
the same amount of virus on different 
individuals. Probably with no other 
disease does individual resistance play 
so important a part as in rabies. hat 
is highly virulent for one dog may not 
be sufficient to cause the development 
of the disease in another. 

For an experiment to be successful 
the exposure to street virus should be 
sufficiently virulent to cause the devel- 
opment of the disease, if not in all, at 
least in the great majority of the con- 
trol dogs. On the other hand, the 
virus should not be so virulent as to 
be simply overwhelming. 

The intraocular injection is a severe 
test, probably much more so than an 
animal would encounter naturally. 
However, as an experimental means of 
exposure it is probably better than any 
other method. Umeno and Doi, Eich- 
horn and Lyon, and Reichel and 
Schneider report the use of this method 
in experimental work, and it is the 
method used in the following experi- 
ments. 


EXPERIMENT NO. 1 


On May 25, 1922, 7 dogs each received 
one injection of vaccine. On July 18, 11 
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additional dogs each received one in- 
jection, making a total of 18 vaccinated 
dogs. Nine of these were given a vac- 
cine made in this laboratory (desig- 
nated B. A. I.) and 9 were vaccinated 
with vaccines prepared by three com- 
mercial firms (designated respectively 
A, B, and C,). On September 12, 
1922, the 18 vaccinated dogs together 
with 8 control dogs received an injec- 
tion of 0.1 c. c. of rabies street virus 
in the anterior chamber of the left 
eye. The virus consisted of a 1:10 
dilution in salt solution of the hippo- 
campus and medulla of a dog dead of 
rabies. 

The rabies street virus used in ex- 
periment No. 1 was obtained from a 
dog which developed the disease spon- 
taneously at the Bureau of Animal 
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Industry Experiment Station, Be- 
thesda, Md. This dog, No. 474, was 
purchased from the District of Col- 
umbia pound on August 22, 1922, and 
was being held for use as a control or 
check dog in a rabies experiment. On 
September 10 the animal developed 
clinical symptoms of furious rabies and 
was found dead September 11. The 
diagnosis of rabies was confirmed by 
microscopic examination and subse- 
quently by rabbit inoculations. On 
September 12 a 1:10 dilution of the 
hippocampus and medulla of this dog 
was made in salt solution and used as 
the exposure virus in experiment No. 1. 
This virus was designated Bureau of 
Animal Industry No. 474, 

The data of experiment No. 1 are 
given in Table I. 


TaBLE I.—Data of experiment No. 1 





Amount 


Date vaccine | Date exposed 
injected 


Dog 
N was injected | to virus > 


| Date of rabbit 


Result ¢ inoculation 


Result 





C.¢. 
May 25, 1922 | Sept. 12, 1922 


do 











Dead Nov. 2, | Nov. 2,1922 


1922; rabies. 
Dead, Sept. 30, | Sept. 30, 1922 
do 


Dead, Nov. 16, 
1922; rabies. 
Dead, Oct. 14, 
1922; rabies. 
Dead Oct. 15, 
1922; rabies. 

Do. 


1922; rabies. 
Dead, Sept. 29, 
1922; rabies. | 
ead, Oct. 2, 
1922; rabies. 
Alive, Mar. 7, 
1923 


Dead, Sept. 29, 
1922; rabies. | 
Alive, M 


Do. 
ar. 7, 
1923. 
Dead, Sept. 24, | Sept. 27, 1922 
1922; rabies. | 
Dead, —_. 26, 
1922; rabies. 
Alive, Mar. 7, | 
1923. | 
| Sept. 30, 1922 
Sept. 28, 1922 


; | Sept. 27,1922 | Dead 


Dead, Oct. 17, 
1922; rabies. 


Dead, Oct. 15, 








Dead, Sept. 25, 
; rabies. 
, Sept. 28, Dead, 
ies. 1922; rabies. 
Alive, Dec. 24, 
1922. 


* Vaccines A, B, and C were from three different commercial houses manufacturing this product. 


Vaccine B. A. I. was prepared in the laboratory of the Bureau of Animal Industry. 

° The virus consisted of a 1: 10 dilution in salt solution of the hippocampus and medulla of dog 474, 
dead of rabies; 0.1 c. ¢. of this material was injected into the anterior chamber of the left eye. 

* The diagnosis of rabies was made by microscopic examination, and in the case of vaccinated dogs by 
rabbit inoculations. The surviving control dogs were destroyed Jan. 16, 1923, and the surviving vac- 


cinated dogs were destroyed Mar. 7, 1923 
19974—25t——-4 
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Table I may be summarized as fol- 
lows: Eighteen dogs received one injec- 
tion of vaccine, 7 on May 25 and 11 on 
July 18. On September 12 the 18 
vaccinated dogs together with 8 control 
dogs received an intraocular injection 
of street virus. Of the 18 vaccinated 
dogs, 15 died of rabies. Of the 8 con- 
trol dogs 1 died of rabies and 1 of en- 
teritis. 

In this and the following experiments 
the diagnosis of rabies in vaccinated 
animals was always confirmed by micro- 
scopic examination and rabbit inocula- 
tions. 

The irregular outcome of this ex- 
periment is rather difficult of interpre- 
tation. The first thought that came 
to mind was the possibility of the 
vaccine sensitizing the animals, so that 
they succumbed to infection more 
quickly than nonvaccinated dogs. Sub- 
sequent experiments have not proved 
this to be the case, however, and the 
following is probably the cause of the 
irregularity of the result: The 18 vacci- 
nated dogs were housed in one barn, 
and these were the first to be exposed 
to the street virus. The 8 control 
dogs were housed in a second barn 
about one-fourth of a mile from the 
first. After the dogs in the first barn 
had been exposed the virus was carried 
in a small beaker to the second barn, 
where the control dogs were then in- 
jected. Exposure to sunlight or to 
some unknown factor probably caused 
an alteration of the virus between the 
first and second barns. The injections 


in both groups of animals were made 
by the writer, and the material was 
stirred well before each injection. 

Although the result of experiment 
No. 1 was irregular, it showed con- 
clusively that the single injection of a 
vaccine did not produce sufficient 
immunity to protect dogs against an 
intraocular injection of the street virus 
used. 

EXPERIMENT NO. 2 


It was decided to repeat the previous 
experiment. Three dogs were vacci- 
nated on July 18 and three on October 
11, 1922. n October 26 these six 
dogs, together with three control dogs, 
received an intraocular injection of 
rabies street virus, 0.1 c. c. of a 1:10 
dilution of the hippocampus and me- 
dulla of dog 26, dead of rabies (B. A. L 
virus 474). The results are given in 
Table II. 

Summarizing Table II it appears 
that five of the six vaccinated dogs 
died of rabies. The death of the 
sixth could not be attributed to 
rabies. All three controls died of 
rabies. 

The diagnosis of rabies in the 
vaccinated animals ‘was confirmed 
by microscopic examination and 
rabbit inoculations. In the control 
dogs the diagnosis was made clinically 
and by the demonstration of Negri 
bodies microscopically. 

The incubation period of the disease 
was about the same in the vaccinated 
dogs as in the controls, showing that 


TaBLe II.—Data of experiment No. 2 





Date vaccine 
was injected 


| 
Dog)... Amount 
No,| Vaccines injected to virus * 


Date exposed 


Date of rabbit 


Result « inoculation 





July 18, 1922 











Oct. 26, 1922 


Dead, Dec. 23, 


1923; rabies. 
Alive, Feb. 15, 
1923. 


1922; rabies. 














* Vaccines A, B, and C were from three different commercial houses manufacturing this product. 
Vaccine B. A. I. was prepared in the laboratory of the Bureau of Animal Industry. 
* The virus consisted of a 1:10 dilution in salt solution of the —-! and Dopp of dog 26 
le 


(B. A.1 474); 0.1 c. c. of this material was injected 
*D osis 


into the anterior cham! 


ber of the left eye. 


of rabies was made by microscopic examination and, in the case of vaccinated dogs, by 
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rabbit inoculations. 








six 


duct. 
g 26 
, by 
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the vaccination had no appreciable 
effect on the incubation period of the 
disease. If the period of incubation 
in the control animals can be used 
as an index of the virulence of the 
virus, it appears that the animals 
were not overwhelmed with virus. 

This experiment confirmed the con- 
clusions drawn from experiment No. 1, 
namely, that a single injection of 
vaccine failed to produce sufficient 
immunity to protect dogs against an 
intraocular injection of street virus 
B. A. I. 474. 

The results of the two foregoing 
experiments were in contradiction to 
the results obtained by Eichhorn and 
Lyon, who protected 100 per cent of 
their animals against an intraocular 
injection of street virus. 

In comparing experimental data of 
Eichhorn and Lyon with the preceding 
experiments, it was observed that the 
only practical differences between the 
experiments were the nature of the 
exposure virus used and the personal 
factor of technic. Leaving the 
personal factor aside, the only differ- 
ence remaining was the use of a 
different exposure virus. It was con- 
sidered advisable at this time to 
inquire into the source of the fixed 
virus used by the various commercial 
houses manufacturing the  single- 
injection canine rabies vaccine. 

As a result of this inquiry it was 
learned with considerable surprise 
that the virus used by all the com- 
mercial houses apparently had a 
common origin, the Pasteur Institute 
of Paris, France. The canine vaccines 
manufactured in this country, 
therefore, are prepared with a European 
strain of fixed virus. As a number 
of the commercial houses manufactur- 
ing canine rabies vaccine also prepare 
rabies vaccine for human use, it is 
probable that the fixed virus used 
for this product also had the same 
source. 

There was a possibility, it was 
believed, that there might be different 
strains of rabies street virus against 
which, or some of which, protection 
could not be obtained by immuniza- 
tion with the strain of fixed virus 
used as a vaccine. To determine 
this point was the object o* experi- 
ment No. 3. 


EXPERIMENT NO. 3 


Eighteen dogs were given one 
injection of vaccine. They were then 
divided into three groups of six each, 
and to each group were added four 
normal dogs to be used as controls. 


Vaccination Against Rabies in Dogs 435 


Each group of 10 dogs (6 vaccinated 
and 4 controls) was exposed to an 
intraocular injection of a street virus 
of different origin. 

Virus No. 1 had the following history: 
Pennsylvania dog to man, to rabbit, 
to rabbit, to dog; 0.1 ¢. c. of a 1:2 
dilution of the brain of the dog was 
used for exposure. 

Virus No. 2 was the B. A. I. 474 
strain, a 1 : 10 dilution of the medulla 
of dog No. 35, dead December 14, 
and in glycerin since that time. 

Virus No. 3 consisted of small pieces 
of rabid brain material of a New York 
dog, cat, and calf. This material, 
however, had been in glycerin for a 
considerable period of time. 

The results of this experiment are 
given in Table IIT. 

Table III may be summarized as 
follows: In lot No. 1, exposed to virus 
No. 1, one vaccinated dog died of rabies 
and five survived. Of the four control 
dogs, all died of rabies. Sixteen and 
two-thirds per cent of the vaccinated 
dogs died, as against 100 per cent of the 
control dogs, indicating that consider- 
able protection was afforded by vacci- 
nation against this virus. 

In lot No. 2, exposed to B. A. I. 474 
virus, four vaccinated dogs died of 
rabies and two survived. Of the four 
control dogs, three died of rabies and 
one survived. Sixty-six and two-thirds 
per cent of the vaccinated dogs died, as 
against 75 per cent of the control dogs. 
This confirms the previous experiment 
in which little or no protection was 
afforded by vaccination against this 
virus. 

Attention is called to dog 47 in this 
lot, which showed symptoms of furious 
rabies March 5 and was found dead on 
the morning of March 6. Extracellular 
Negri bodies of average size were found. 
Rabbits inoculated with brain material 
of this dog were completely paralyzed 
on the seventh day. Four passages of 
this virus through rabbits resulted in 
each instance in the development of 
complete paralysis on the seventh day. 
Negri bodies in these rabbits were 
scarce, but of very fair size. These 
results indicate that the virus in the 
brain of dog 47 had the properties of a 
fixed virus. Whether the exposure 
virus became fixed for the rabbit after 
passage through this dog, or whether 
the animal succumbed to fixed-virus 
infection from the vaccine which 
became exalted as a result of the in- 
jection of the street virus, are questions 
difficult to answer. 

In lot No. 3, exposed to virus No. 3, 
one vaccinated dog died of rabies after 
an incubation period of almost four 
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Taste III.—Data of experiment No. 3 


LOT NO. 1 





| 
Amount | Date vaccine 
injected | was injected 


Dog! Vac- 
~ cine ¢ 


C. ¢. 

5 | Nov. 18, 1922 
5 | Dec. 
5 | Nov. 28, 1922 
5 | Nov. 


Date exposed | 





7 
. 21, 1922 | 
. 13, 1922 


a) a 
dog. 
— ae" eee : 


LUO ici stvsccnes cncaeusanaene 





Ee | SD Ree Sone nee 











* Vaccines A, B, C, and D were from four different commercial houses manufacturing this product. 


to virus * Result ¢ 


— — 


Feb. 1,1923 | Alive, Nov. 1, 
1923. 


| 
| 


| 1923; rabies. 
bel Alive, Nov. 1, 
| 1923 


Dead, Apr. 5, 
1923; rabies. 
Mar. 17, 
| 1923; rabies. 
— Dest, June 7, 


| 1924. 
Dead, Feb. 22, 
| 1923; rabies. 


LOT NO. 2 


Dead, Mar. 10, 
1923; rabies. 
Dead, Mar. 6, 
1923; rabies. 
Killed, May 10, 


Feb. 20, 1923 


Dead, Apr. 2, 


1923; rabies. 7 
ead, Mar. 6, 
1923; rabies. 





LOT NO. 3 


. 28,1922 | Feb. 21,1923 | Alive, Nov. 1, 
1923. 


Dead, June 16, 
1923; rabies. 
Killed, June 19, 

923; by dog 56. 
Alive, Nov. 1, 
1923. 


1923; by dog 39. 


Date of rabbit 
inoculation 


June 9, 1924 








June 18, 1923 | 


B. A. I. vaccine was prepared in the laboratory of the Bureau of Animal Industry. 
+ Lot No. 1 was exposed to virus No. 1, lot No. 2 to virus No. 2, and lot No. 3 was ex 


3. In lots Nos. 1 and 3 the virus consisted of a 1:10 dilution of the hi 
of rabies of a different source. Lot No. 2 consisted of a 1:2 dilution o 





Dead, Feb. 28, 
1923; rabies. 


Dead, Apr. 25, 
1923; rabies.. 


Dead, June 25, 
1924; rabies. 


1923; rabies. 


Dead, Apr. 
1923; rabies. 


Dead, Apr. 27, 
1923; rabies. 


Dead, June 29, 


; rabies. 


d to virus No. 


ulla of a dog dead 


——— and me 
the medulla and hippocampus. O 


tenth of a cubic centimeter was injected into the anterior chamber of the eye. 


¢ Diagnosis of rabies was made by microscopic examination, and in the case of vaccinated dogs and 
control dogs 42 and 44 also by rabbit inoculations, 


ne- 








One- 
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months. None of the remaining vac- 
cinated dogs nor any of the control dogs 
developed the disease. The small 
pieces of brain material composing this 
virus and the length of time in glycerin 
evidently led to its deterioration. It 
is significant to note, however, that the 
only animal to succumb in this lot was 
a vaccinated one. This experiment 
appears to indicate that a certain 
amount of immunity can be produced 
by a single injection of vaccine against 
one strain of virus, but practically none 
against another strain. 


EXPERIMENT NO. 4 


The fourth experiment was a repeti- 
tion of the previous experiments, except 
that a still different street virus was 
used for exposure. 

The source of the street virus was 
Washington, D. C.; dog to rabbit, to 
dog 630. A 1:10 dilution of the hippo- 
campus and medulla of dog 630 was 
used for exposure virus. 

The results are given in Table IV. 

Table IV may be summarized as 
follows: Ten dogs were given a single 
injection of vaccine, and later, together 
with 6 control dogs, were given an 
intraocular injection of street virus 
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from dog 630. Of the 10 vaccinated 
dogs 3, or 30 per cent, died of rabies, 
while of the 6 control dogs all suc- 
cumbed to the disease. 

In this experiment distinct protection 
was afforded by a single injection of 
vaccine. All the control animals suc- 
cumbed to the disease with a short in- 
cubation period, which probably indi- 
cates a high degree of virulence for 
the exposure virus and a severe test 
on the efficiency of the method of 
vaccination. 


EXPERIMENT NO. 5 


The fifth experiment had for its 
object the exposure of vaccinated and 
nonvaccinated dogs to the bites of a 
rabid animal. 

Dogs 56, 57, 58, and 59 were vacci- 
nated animals, and dogs 63, 64, and 
65 were controls used in experiment 
No. 3, lot No. 3, which had failed to 
develop rabies after intraocular ex- 
posure. Dogs 82 and 83 were normal 
dogs used as controls. 

he dog to which the above- 
mentioned animals were exposed was 
the one which after death furnished 
the virus for exposure in experiment 
No. 4. The source of the virus was 


TasLe IV.—Data of experiment No. 4 








Date of rabbit 
Result ¢ inoculation Result 














Dog; Vae- |Amount} Date vaccine | Date ex 
No.| cine* | injected| was injected | to virus > 
C.¢. | 

4 Bevcinc 5 | June 14,1923 | Nov. 20, 1923 

67 | B...... | 

PE Mincccae 

OP F Gixeteus 

Li = 

, > Sa 

72) B. mi 

sh ew 

ET Diccins 

16 Dike 

Fe PED in cecdtaihcoshsdatenmeceuteasin on 
dog. 

V0 lix(Gdinsdcnentisnididchaccsedebandaal iictines 

ee ee eee eee Chics 

OF Nina inetieasaccedbikcdsdickccdoabinden Diitiecs 

We bc di ipisahcacastaaithihateneskaemuninae ee 

ee I Sa eeY Seen i isirin 











DE, AGE DE Biitaiinccictinies 
1924. 





= i iihisincicnne Rcinacniiaistecainil 
oleate ROR REESE 
Lncondhal do. winesiokinia 
ET ER ae 
Yee [Se Sere 
.| Dead, Jan. 17, | Feb. 4,1924 | Dead, Feb. 19, 
1924; rabies. 1924; rabies. 
Dead, Dec. 26, | Dec. 27,1923 | Dead, Jan. 11, 
1923; rabies 1924; rabies 


Dead, Dec. 10, | Dec. 11,1923 | Dead, Dec. 27, 
1923; rabies. 1923; rabies. 
, _— oS ee ee 


924. 
.| Dead, Dee. 11, 
1923; rabies. 











* Vaccines A, B, C, and D were from four different commercial houses manufacturing this product. 

» The virus consisted of a 1:10 dilution of the medulla and hippocampus of dog 630 dead of rabies; 0.1 
c. ¢. of this material was injected into the anterior chamber of the left eye. 

* Diagnosis of rabies was made by microscopic examination, and in vaccinated dogs was also confirmed 
by rabbit inoculations. 
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Washington, D. C.; dog to rabbit to 
dog 630. Dog 630, the animal used, 
was inoculated intraocularly on Octo- 
ber 24, 1923. On November 12, 1923, 
the animal presented clinical sumptoms 
of rabies. 

Each dog in the experiment was 
laced in the same cage with dog 630. 
n each instance the animals were 

attacked and bitten by the rabid dog. 
Each animal was left in the cage until 
it was definitely seen that wounds were 
inflicted. The effort was made to give 
all the dogs the same degree of expo- 
sure. The results of the test are given 
in Table V 


Against a still different strain of 
street virus (B. A. I. 474), however, 
practically no protection was afforded 
to vaccinated animals exposed by intra- 
ocular injection. Of 30 vaccinated dogs 
exposed to this virus, 6 survived. 

A study of the vaccines indicates that 
the source, age, etc., had no bearing on 
the outcome of the various experiments. 
All the vaccines used in these experi- 
ments were prepared from the same 
strain of fixed virus, which had its origin 
in the Pasteur Institute of Paris, 
France. The results of the experi- 
ments herein reported indicate that this 
strain of fixed virus, when used as a 


TaBLE V.—Data of experiment No. 5 








Amount | Date vaccine | Date exposed 





Dog ’ 
No. Vaccine ¢ injected | was injected tovirus> | Result ¢ 
C.¢. 
Sg ERE eee cer aor 5 | | Nov. 28, 1922 | Nov. 12,1923 | Alive Apr. 12, 1924. 
4a) = eee y Dec. 13, 1922 |..... | aor Do. 
hg SS eee | Nov. 28, 1922 |..... eu Do. 
Pe Mon cxcucccgiaseaausands | Jan. 13, 1922 |..... | 
fb ES EE NE nes Bes eee, YN Rs ee Dead Dee. 3, 1923; rabies. 
ih Ee eR SEES 5 Fee ec evah uaeilies ai do.......| Alive Apr. 12, 1924. 
Mh dks uebesedeahernenbndentielekens came lL ntigete sa Rebenalwaase | ae 
aaa res eRe ee EATER OSS Sse” do... Do. 
_ ) SRE A Sara SRS | pcktaaacnedicaastenenll Ee | Dead Dec. 3, 1923; rabies. 





« Vaccines A and B were from two different commercial houses emueie this geeten. Vaccine 
B. A. I. was prepared in the laboratory of the Bureau of Animal Industry. 

+ These animals were exposed to the bites of a rabid dog, No. 630. 

¢ Diagnosis of rabies made clinically and by microscopic examination. 


Experiment No. 5 may be summa- 
rized as follows: Four vaccinated dogs 
and five control dogs were exposed to 
the bites of a rabid anima]; two of the 
five controls succumbed to rabies. 
None of the vaccinated animals devel- 
oped the disease. 

The number of animals exposed to 
rabies and not treated in which infec- 
tion developed has been estimated by 
various investigators to be between 16 
and 60 per cent. In this experiment 
40 per cent of the nonvaccinated ani- 
mals bitten developed the disease. In 
view of the fact that none of the vacci- 
nated animals developed the disease, it 
can be assumed that the vaccine 
afforded protection in this experiment. 


DISCUSSION 


From the foregoing experiments it 
appears that the efficacy of the single 
injection canine rabies vaccine as a 
prophylactic depends on the street 
virus to which the vaccinated animal 
is exposed. Against intraocular injec- 
tions of two different strains of street 
virus, distinct protection was afforded 
by the vaccine, 12 out of the 16 vacci- 
nated dogs being protected. 


vaccine, protects against certain strains 
of street virus, but that one strain 
of street virus was encountered against 
which no protection could be obtained. 

The question as to whether these 
results are due to a difference in viru- 
lence of the virus used and not to a 
distinct difference of strain can be 
answered, it is believed, by a compari- 
son of experiments Nos. 2 and 4. 

In experiment No. 2, using the strain 
of virus B. A. I. 474, the three control 
dogs died of rabies in 15, 29, and 49 
days. Assuming the incubation period 
of the disease to be an index to the 
virulence of the virus, it would appear 
_ this virus was not extremely viru- 
ent. 

In experiment No. 4, 1 of the 6 con- 
trol dogs showed symptoms of rabies 
on the sixteenth day, 4 on the seven- 
teenth day, and 1 on the twentieth day. 
This incubation period would indicate a 
higher degree of virulence for this virus 
than for B. A. I. 474, yet 7 out of 10 
dogs were protected against this virus, 
while 5 out of 6 dogs exposed to B. A. I. 
474 virus died of rabies. These facts 
point to the possibility of the existence 
in this country of more than one strain 
of street virus. 
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In this event the extent to which the 
single-injection vaccine will assist in 
the control and eradication of rabies in 
dogs will depend in a large measure on 
the extent and distribution of the 
strain of virus designated B. A. I. 474 
or similar strains, until such time as 
polyvalent vaccines can be prepared 
from more than the one strain of fixed 
virus as is now the case. 

There is a possibility that the injec- 
tion of a vaccine prepared according to 
the method of Umeno and Doi may re- 
sult in death from fixed-virus infection, 
as seen in the case of dog 440. 

The subcutaneous injection of fixed 
virus, even without attenuation, is 
generally considered to be harmless. 
This is undoubtedly true in general, 
but occasionally an individual may be 
encountered that is extremely sus- 
ceptible and infection may result, even 
with an attenuated fixed virus. The 
percentage of such individuals, how- 
ever, is believed to be small. 

Umeno and Doi state that of the 
31,307 vaccinated dogs there was one 
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case of vaccination loss. It is pre- 
sumed from this statement that Fhe 
loss was due to fixed-virus infection 
following vaccination. 


SUMMARY 


The foregoing work may be sum- 
marized as follows: 

The virus to which vaccinated dogs 
were exposed was the factor which 
determined the efficacy of the single- 
injection method of vaccination. 

Against one virus no protection was 
afforded vaccinated animals. 

Against two other viruses distinct 
protection was afforded. 

The vaccines prepared in this coun- 
try by commercial houses are all made 
from a strain of fixed virus having its 
origin in the Pasteur Institute of Paris, 
France. 

There appears to be more than one 
strain of rabies street virus in this 
country. 








THE STRAWBERRY ROOT LOUSE IN TENNESSEE! 


By S. Marcovircx : 
Entomologist, Agricultural Experiment Station of the University of Tennessee 


INTRODUCTION 


In Tennessee, strawberries are classed 
as nursery stock and before they can 
be shipped an inspection is required for 
injurious insects, particularly for the 
strawberry root louse (Aphis forbesi 
Weed). Since no extended study of 
this insect in Tennessee had ever been 
made and since little is known con- 
cerning it in other States, except in 
Delaware, it seemed desirable to make 
a study of its habits and to determine 
if possible its economic importance. 
When one considers the vast quanti- 
ties of strawberries grown in Tennessee, 
which is the largest strawberry-produc- 
ing State in the Union, and the time 
consumed each year inspecting them, 
the need of a more definite knowledge 
of the economic importance of this in- 
sect becomes apparent. 


GEOGRAPHIC RANGE 


The strawberry root louse is a native 
insect confined to eastern North 
America, and has been reported in- 
jurious in Illinois, Ohio, Maryland, 
Tennessee, and Delaware, although it 
has recently been learned through 
correspondence that it is no longer so 
considered in the last-named State. 
In Tennessee it is present wherever 
strawberries are grown. 


HOST PLANTS 


The eultivated strawberry, Fragaria 
sp. appears to be the only host of 
Aphis forbesi Weed. Repeated efforts 
have been made to find it on other 
plants, but without success. Often 
the roots of various weeds are infested 
with lice very similar in appearance to 
the strawberry root louse, but close 
examination reveals them to be other 
species, usually the corn root louse, 
Aphis maidiradicis. 


ECONOMIC IMPORTANCE 
Plant lice in general are of great 


economic importance, yet there are 
many species that do little or no harm. 


To obtain exact data in regard to 
injury caused by Aphis forbesi Weed, 
experiments were conducted in the 
field during 1921 and 1922. The vigor 
of a strawberry plant is indicated by 
the number of plants and runners 
which it produces. Plants artificially 
infested with lice were set out in March 
and a record was kept of the number 
of plants and runners produced. The 
plants used in the control plat were 
freed from any lice that may have 
been present by dipping them in a 
tobacco solution. The control plat 
was also frequently sprayed with to- 
bacco to guard against infestation. 
The results obtained for the year 1922 
are as follows: Of 12 infested mother 
plants the maximum number of plants 
produced by any one was 150, the 
minimum 12, and the average 47.6. 
Of 22 control mother plants the in- 
dividual maximum was 120, the mini- 
mum 4, and the average 49.7 plants. 
The mother plants were set March 28 
and the count of plants produced was 
made September 16, 1922. The dif- 
ference in the percentage of plants 
produced by the infested mother plants 
and the controls was small, and could 
easily come within the limits of ex- 
perimental error. 

Practically the same results were ob- 
tained in 1921. Ladybird beetles often 
destroyed the lice on the crown of the 
aso where they are frequently found. 

n such cases the plants were artificially 
reinfested. 

To ascertain the general importance 
of the strawberry root louse a circular 
letter was sent to all the important 
strawberry-producing States. Replies 
from Iowa, Illinois, Ohio, New Jersey, 
Delaware, North Carolina, Georgia, 
Florida, ‘Louisiana, Mississippi, and 
Arkansas indicated that the strawberry 
root louse was not considered injurious 
to the strawberry, or that little con- 
sideration was given to it. The only 
State reporting serious injury from this 
pest was Maryland, where it is con- 
sidered “highly undesirable” in the 
light sandy soils, although no data were 
given. The strawberry soils of Ten- 
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nessee are mostly loams or silt loams, 
which may be one reason why the in- 
sect is less injurious in this State. 


LIFE HISTORY 


Unlike some other species of plant 
lice, the strawberry root louse spends 
its entire life cycle upon the strawberry, 
migrating only to other strawberry 
fields. 

THE EGG 


The insect passes the winter in the 
egg stage upon the pedicels of the 
leaves (pl. 1,,), although eggs are 
sometimes laid on the underside of the 
leaves. In 1921, at Knoxville, Tenn., 
hatching began on February 15, and in 
1922 on February 22; hatching con- 
tinues for about a month. 


FIRST INSTAR (PL. 2, G) 


Color characters: Upon hatching the 
new-born nymphs are pale green in 
color, with legs, antennae, and cornicles 
whitish. After a few hours the general 
coloration becomes greenish; head 
lighter, with two chitinized areas on 
either side of the median line; eyes 
reddish; antennae pale yellow, darker 
apically; tip of beak dusky; legs pale 
yellow; tarsi dusky; cornicles pale, 
darker at the tip. 

Morphological characters: Body rec- 
tangular, flattened; antennae and legs 
robust as compared with the rest of 
the body; antennae four-jointed, with 
a@ sensorium present at the distal end 
of the third joint and at the proximal 
end of the flagellum of the fourth joint; 
cornicles short, about as broad as long. 

Measurements: Length, 0.52 to 0.60 
mm.; width, 0.28 to 0.30 mm.; an- 
tennae, 0.26 mm. (pl. 3, J); segment 
No. 1, 0.03 mm.; segment No. 2, 0.03 
mm.; segment No. 3, 0.08 mm.; seg- 
ment No. 4, 0.12 mm.; cornicles (pl. 
3, K), length, 0.03 mm.; width, 
0.03 mm. 

SECOND INSTAR 


This stage does not differ in general 
coloration from that of the first stage. 
The body becomes ovate in form and 
the antennae five-segmented. The cor- 
nicles also become more elongate, being 
about twice as long as wide. 

Measurements: Length, 0.82 to 0.92 
mm.; width, 0.40 to 0.44 mm.; an- 
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tennae, 0.31 mm; segment No. 1, 0.03 
mm.; segment No. 2, 0.03 mm.; seg- 
ment No. 3, 0.06 mm.; segment No. 4, 
0.04 mm.; segment No. 5, 0.15 mm.,; 
cornicles, length, 0.05 mm. 


STEM-MOTHER 


After passing through five instars the 
stem-mother becomes mature in two to 
three weeks, depending upon the tem- 
perature. In 1921 stem-mothers were 
full grown as early as March 8. Upon 
maturity, often only a few hours after 
the last molt, they give birth to living 
young. In a study of the reproduc- 
tive capacity of the stem-mothers, it 
was found that they were capable of 
giving birth to an average of two 
young per day for a period of 20 to 28 
days. The highest number of young 
produced in one day was six. 

The intitial feeding of the young 
stem-mothers takes place where they 
hatch, but after a short time they find 
their way to the tenderest leaves just 
coming out of the crown. Here they 
insert their beaks and suck the sap. 

Color characters: The general color- 
ing of the stem-mother is bluish-green, 
head greenish, with anterior portion 
lighter. Eyes dark red; antennae 
with segments 1, 2, and basal portion 
of 3, pale yellow; remainder of seg- 
ments dark brown; beak yellowish, 
tip black, reaching to base of third pair 
of legs; legs yellowish; tarsi dusky; 
cornicles yellowish-brown, darker at 
tip; cauda yellowish brown, clothed 
with whitish hairs; posterior border of 
terminal abdominal segments, with a 
whitish pulverulent stripe; genital 
plate greenish-yellow; anal plate dark 
green. 

Morphological characters: Body 
ovate, tending to pear-shape; anten- 
nae six-jointed, with segments 3 and 4 
not differentiated; thorax with a pro- 
thoracic tubercle on each side; corni- 
cles tubular, tapering distally. 

Measurements: Length, 1.3 to 1.5 
mm.; width, 0.74 to 0.78 mm.; an- 
tennae, segment No. 1, 0.05 mm.; seg- 
ment No. 2, 0.04 mm.; segment No. 3, 
0.22 to 0.24 mm.; segment No. 4, 0; 
segment No. 5, 0.10 to 0.11 mm.; seg- 
ment No. 6, 0.06 to 0.18 to 0.20 mm.; 
cornicles, length, 0.19 to 0.21 mm. 





EXPLANATORY LEGEND FOR PLATE 1 
A.—Mother plant with 18 runners. Photograph made in midsummer from plot artificially infested with 


Aphis forbesi, showing vigorous condition 


—Oviparous females of Aphis-forbesi clustered on young tender leaf 


—Egg of Aphis forbesi on pedicel of strawberry leaf 
.—Paragus tibialis: Female, parasite on Aphis forbesi 


— Paragus tibialis: Pupa 


B. 
Cc, 
a ound built by Pheidole vinelandica around pedicel of strawberry leaf protecting Aphis forbesi 
F. 
G. 


«—Paragus tibialis: Larva 
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(For explanatory legend see p. 442) 





Plate 1 
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WINGED VIVIPAROUS FEMALE (PL, 2, A) 


Color characters: The general color- 
ation is black. Head dark brown; eyes 
dark red, ocelli yellowish; antennae 
varying from pale yellow to dusky; 
beak yellowish, darker toward the tip; 
prothorax black, with anterior and pos- 
terior margins greenish, mesothorax and 
metathorax shining black, suffused with 
brown on the sides, legs yellowish; tarsi 
darker; abdomen greenish, with lateral 
margins of segments 1 to 5 with spotted 
black; cornicles brownish; cauda and 
genital plate green; anal plate black. 

Morphological characters: Antennae 
six jointed, joints 3 and 4 sometimes 
indistinct, third segment with three 
sensoria; prothorax with two lateral 
tubercles; abdomen with a very small 
lateral tubercle; cornicles long, tubular, 
and flanged at the tip. 

Measurements: Length, 1.3 to 1.8 
mm., width, 0.7 to 0.8 mm., antennae, 
length, 0.9 to 1.1 mm.; segment No.1, 
0.05 mm.; segment No. 2, 0.05 mm.; 
segment No. 3, 0.19 to 0.24 mm.; seg- 
ment No. 4, 0.12 to 0.18 mm.; segment 
No. 5, 0.13 to 0.16 mm.; segment No. 
6, 0.35 to 0.40 mm.; cornicles, length, 
0.2 to 0.22 mm. 


OVIPAROUS FEMALE (PL. 2, C AND E) 


Color characters: General coloring 
yellowish-green; head yellowish-brown, 
sometimes greenish on posterior half; 
antennae with segments 1, 2, and basal 
portion of 3 pale yellow, remainder of 
segments darker; eyes dark red; beak 
greenish at base, pale yellow at middle, 
and dark at tip; legs pale yellow, tarsi 
darker; cornicles brownish, darker at 
tip; cauda dusky, clothed with whitish 
hairs; margins of abdomen greenish, 
with center of dorsum yellowish when 
the abdomen is distended with eggs; 
posterior abdominal segments more or 
less covered with a whitish pulveru- 
lence; genital plate greenish, with two 
circular yellowish areas on either side; 
anal plate dark green. 

Morphological characters: The body 
is more elongate and narrower than in 
apterous viviparous female, tapering 
posteriorly. Antennae (pl. 3, H) six- 
jointed as in viviparous female; thorax 
with lateral tuberlces on prothorax; 
hind tibia (pl. 3, I) with about eight 
sensoria, not at all swollen, and hardly 
to be distinguished from the other forms; 
abdomen with a tubercle on either side; 
cornicles short, tubular, and flanged at 
the tip (pl. 3, E); genital plate more 
rounded than in the apterous viviparous 
female. 

Measurements: Length, 1.2 to 1.5 
mm.; width, 0.6 to 0.7 mm.; antennae, 
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segment No. 1, 0.05 mm.; segment No. 
2, 0.05 mm.; segment No. 3, 0.28 mm.; 
segment No. 4, 0; segment No. 5, 0.12 
mm.; segment No. 6, 0.10 to 0.24 mm.; 
cornicles: length, 0.12 mm. 


MALE (PL. 2, D AND F) 


Color characters: General coloration 
brownish-yellow, mixed with green; 
antennae brownish-yellow, sensoria 
darker; head brownish, darker on pos- 
terior half; eyes dark brown, beak pale 
yellow, tip brown, thorax greenish; legs 
yellowish, with coxae, trochanters, and 
tarsi darker; cornicles brownish, darker 
at the tip; abdomen brownish spotted 
with pale yellow in the center, posterior 
segments dusky; cauda dusky, clothed 
with whitish hairs; genital plate brown- 
ish; anal plate black. 

Morphological characters: Body 
short and broad; antennae about as 
long as the width of the body, six- 
jointed, with five to seven sensoria on 
segment 3, and one sensoria on each of 
segments 5 and 6; prothorax with 
small tubercles; abdomen with lateral 
margins flattened, a lateral tubercle on 
each side; cornicles short, tubular, 
slightly curved, and flanged at the tip; 
genital plate bears two claspers clothed 
with spines and hairs. 

Measurements: Length, 1 mm.; 
width, 0.64 mm.; antennae, segment 
No. 1, 0.04 mm.; segment No. 2, 0.04 
mm.; segment No. 3, 0.20 mm.; seg- 
ment No. 4, 0; segment No. 5, 0.088 
mm.; segment No. 6, 0.058+ to 0.18 
mm.; cornicles, length, 0.12 mm. 


SPRING FORMS 


The majority of the second genera- 
tion of the insect becomes wingless 
viviparous females (pl. 2, B, and pl. 3, 
F, @) , although some winged ones are 
often present and distribute the species 
to other strawberry plants or beds. 
The young of the second generation are 
pale yellowish-green in color, in con- 
trast to the dark green of the stem- 
mothers. The second and succeeding 
generations are usually found feeding 
on the pedicels of the young tender 
leaves, but are often deeply imbedded 
in the crown of the plant. They are 
sometimes located on the roots of the 

lants, but in Tennessee this is rare. 
rge numbers of plants were pulled 
to determine the location of the lice, 
and, except in a few cases, they were 
present on the pedicels of the young 
leaves. A generation of lice is pro- 
duced about every 14 days throughout 
the summer, with Bes | ones appear- 
ing in each generation after the first. 
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In midsummer it is difficult to find any 
lice at all, owing to the activities of 
their natural enemies. Both young 
and mature forms were present on the 
rootlets as early as April 11. 


THE TRUE SEXES 


The true males and females make 
their appearance in Tennessee late in 
October, and may be found on the 
plants until February, when the eggs 
are ready to hatch. After maturing, 
the females deposit eggs, which carry 
the species over the winter. Although 
viviparous females wag | be present on 
the plants as late as December, they 
invariably die and do not assist in the 
reproduction of the species. 

The males are small, wingless, and 
comparatively few in number. On one 
leaf pedicel there were counted 2 males 
and 22 oviparous females. The ovip- 
arous females can be readily recog- 
nized by their elongate appearance 
(pl. 1, B) and lighter color, caused by 
yellowish eggs showing through the 
chitin. ~In 1922 the first eggs were laid 
on November 9, although active egg 
laying does not _— until December. 
The eggs when first deposited are 
orange colored, and it is not until 
several days later that the character- 
istic shiny black color is assumed. The 
number of eggs deposited by a single 
female varies from four to eight. 


FACTORS WHICH INFLUENCE THE AP- 
PEARANCE OF THE SEXES 


With remarkably few exceptions, the 
true sexes in plant lice, including Aphis 
forbesi, make their appearance in the 
North Temperate Zone in the fall of 
the year and pass the winter in the egg 
stage. In the more southern localities 
plant lice generally reproduce through- 
out the year without the ap earance 
of true sexes or eggs. Therefore, it is 
natural to conclude that the factor 
stimulating the formation of true sexes 
must be temperature; and such was 
assumed to be the case until it was 
noticed that the sexes made their ap- 


1 GaRNaR, W. W., ond ALLARD, H. ‘8. 


pearance somewhat earlier on a plant 
growing in the laboratory than they 
did in the field. The laboratory air is 
warmer than that outside in the latter 
part of October and November, so that 
as far as the factor of temperature is 
concerned there seemed to be no cor- 
relation. There is, however, a marked 
difference between the intensity and 
duration of daily light exposure in the 
laboratory and the field. Garner and 
Allard: have shown that the length 
of daily light exposure influences the 
flowering and fruiting of plants, and 
since plant lice and plants both have 
asexual and sexual stages, which make 
their appearance at stated intervals, 
it occurred to the writer that possibly 
light rather than temperature was the 
determining factor in the formation 
of the sexes, and such was found to 
be the case. 


PRODUCTION OF TRUE SEXES AND ITS 
RELATION TO THE SHORT DAYS OF 
FALL 


One of the familiar phenomena of 
the Temperate Zone in the autumn is 
the shortening of the length of day. 
To create an artificial short day the 
potted plants used in the experiments 
were placed out of doors in a dark, 
ventilated chamber at 5 p. m. and 
kept there until 9.30 the next morning, 
when they were removed and placed in 
the light. The plants and plant lice 
were thus subjected each day to seven 
and one-half hours of light exposure. 
Any response on the part of the insects 
could hardly be attributed to tem- 
perature, since the temperature inside 
was but 2° to 3° F. higher than that 
outside. Single potted plants were also 
darkened by having inverted over them 
a larger pot or box. 

In 1922 the plant with lice was sub- 
jected to a short day, beginning May 
23. The first males and oviparous 
females were observed to make their 
appearance on September 18. Eggs 
were deposited on September 22, this 
being about seven weeks earlier than 
ee ‘first ees are » deposited i in n the field. 


EFFECT OF THE RELATIVE LENGTH OF DAY AND NIGHT AND 


OTHER FACTORS OF THE ENVIRONMENT ON GROWTH AND REPRODUCTION IN PLANTS. Jour. Agr. Research 18: 


553-606, illus. 1920. 
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In 1923 the plants were given a 
short day, beginning February 23, at 
which time the eggs were already 
hatching. By May 7 males and ovip- 
arous females had made their appear- 
ance, and the first eggs were deposited 
on May 22. In another experiment, 
beginning March 21, a plant with lice 
in the second generation was subjected 
to a short day, and by May 12 the ovip- 
arous females had made their appear- 
ance. 


THE TRUE SEXES AS INFLUENCED BY A 
LONG DAY 

According to the above experiments 
the production of the true sexes 
appears to be governed by the short 
days of the fall. How, then, would a 
daily light exposure of 15 hours or more 
act, and would the production of 
viviparous forms continue? To deter- 
mine this point, some strawberry 
plants infested with lice were placed out 
of doors September 4 and given 15 hours 
of daily light exposure by means of a 
60-watt electric light, which hung 
about 2 feet from the plants. At this 
distance the light did not raise the 
temperature of the air around the 
plants, as shown by several tests. A 
control plant was placed inside the 
laboratory, next to the window at 
the same time. On October 6 vivip- 
arous females made their appearance 
on the control plant, but were not yet 
present on the plants given the long 
day. On November 5 eggs were found 
on the control. 

When examined on December 22, 
viviparous forms only were still present 
out of doors on the plants receiving the 
long exposure. However, the sexes 
did make their first appearance on 
January 4, 1924. This would indicate 
that a long day may successfully inhibit 
the formation of the true sexes, pro- 
vided a certain temperature level is 
maintained. The first 15 days of 
December averaged 40° F. and it is 
very likely that it was in this period 
that sex formation was initiated. In 
addition to a certain temperature 
level, possibly minimum temperatures 
may be factors. A minimum tem- 
perature of 28° on November 9 and 
10, and 20° on December 15 was re- 
corded. 

Garner and Allard ? have found that 
biennials will behave as annuals when 
subjected to a combination of long 
days and a lower temperature level. 
Lower temperatures alone would not 
accomplish this result. 


It should be noted that the straw- 
berry plants bearing aphids were given 
a long daily light exposure beginning 
September 4. The experiment was 
started early enough to insure if pos- 
sible against the production of the 
sexes. In 1922, strawberry plants 
were given a long daily exposure 
beginning October 12, and a few sexed 
individuals appeared two weeks later. 
This shows that once the tendency to- 
ward true sex production is initiated, 
it can not be done away with. How- 
ever, in the early part of September 
that tendency is still absent in Aphis 
forbesi in Tennessee. 


RELATION OF ANTS TO THE APHIS 


Sanderson * records that the ant, 
Lasius alienus, attends the straw- 
berry root louse in Delaware and 
carries it down to the roots of the 
plants, especially where the soil is 
sandy. In Tennessee various species 
of ants have been observed to care for 
the lice, but the species that is by far 
mostly commonly found is the little 
brown ant, Pheidole vinelandica, as 
determined by W. M. Wheeler. This 
species may be found about strawberry 
lants in March and up to January. 
ts method of tending the lice in order 
to obtain honeydew is interesting. 
Since the lice are most often clustered 
on the pedicels of the small, tender 
leaves, the ants protect them by 
building small craterlike mounds of 
dirt about the crown, so that the 
pedicels of the young leaves may be 
entirely covered and concealed from 
view, as shown in Plate 1, D. These 
little craters are often 2% inches 
high, and sometimes completely cover 
the crown of the plant. In such cases 
lice may be found feeding on the 
crown of the strawberry. 


NATURAL ENEMIES 


The strawberry root louse will 
sometimes increase in numbers to 
such an extent that it becomes notice- 
able, but in most cases its natural 
enemies keep it in check. Several 
different species of these were bred, 
among them a syrphid that had never 
been reported as preying upon the 
strawberry root louse, and an undeter- 
mined chalcid. Parasites were bred 
as late as December 14 and as early as 
May 14. Ladybird beetles, such as 
Hippodamia convergens and Coccinella 
novemnotato, were frequently found 
upon the root louse, as well as a larva 





Rpt. 1922/23: 255-288. 1924. 
* SANDERSON, E. D. 


THE STRAWBERRY ROOT LOUSE. 


*TAYLOR, W. A. REPORT OF THE CHIEF OF THE BUREAU OF PLANT INDUSTRY. U.S. Dept. Agr. Ann. 


Del. Agr. Exp. Sta. Bul. 49: 1-13, illus. 1900. 
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of one of the Chrysopidae. Sander- 
son* records several hymenopterous 
parasites, among which are Lysiphlebus 
myzi Ashm., L. salicaphidis Ashm., 
Lygocerus stigmatatus the. and Adi- 
alatus densleonis Ashm. A louse at- 
tacked by parasites appears plump and 
greenish in color. As the parasite 
grows the body of the louse becomes 
much distended, and upon maturity 
nothing is left of the host except the 
straw-colored chitinous envelope. 


DIARETUS FUSCICORNIS ASHM. 

This little braconid (pl. 3, A) as 
determined by A. B. Gahan, was fre- 
quently bred from lice clustered on 
the pedicels of the leaves, and un- 
doubtedly helps to keep the lice in 
check. In color, it is shining black, 
legs yellowish, mixed with brown. 
Antennae of male 15-jointed, of fe- 
male 13-jointed. Length 1.6 mm. 


PARAGUS TIBIALIS 
This er (pl. 1, E, F, G and pl. 
, B, C, D) appears to be the most 
constant and efficient enemy of the 
strawberry root louse in Tennessee. 
Thelarvae were found in the field as early 
as April 18. A larva was observed to 
devour seven lice in five minutes in the 
laboratory. Larvae collected on May 20 
pupated May 22, and the adults emerged 
May 29. The puparium is inconspicu- 
ous on the under side of the leaves, and 
rather resembles a piece of dirt. 
Eae.—Chalk-whitein color. In out- 
line, subcylindrical and ovate; trun- 
cated at the narrow end and rounded 
at the other. The surface of the egg 
is covered with very fine microscopic 
elevations arranged in lines, which 
under high magnification are seen to 
possess projecting arms, as shown in 
pl.3,C. Length, 1mm.; width,0.40mm. 
Larva.—General coloring pale yel- 
low, mixed with patches of brown; 
posterior respiratory appendages dark 
brown at base, yellowish on apical 
third. Dorsal spiracular spine brown- 
ish. Surface of skin covered with 
minute, wartlike elevations. The 
spines on segment 4 appear equal. 
Beyond this segment the dorso-lateral 
spines are the longest, the dorsal 
spines small. Dorsal spiracular spine 
large, concave lateral, _bifurcate. 
Length, 6 to 7 mm. Length of pos- 
terior respiratory appendage, 0.46 mm. 
Aputt.—General coloring black, fre- 
quently reddish on the abdomen. 
Both maleand female witha median black 
band ontheface. Length,3to5mm. 


SUMMARY 

Since strawberries are classed as nur- 
sery stock in some States and required to 
beinspected for thestrawberry root louse, 
Aphis forbesit Weed, it becomes necessary 
to determine more exactly its economic 
importance. Observation and experi- 
ments since 1919 show that A phis forbesi 
is present in all the strawberry-growing 
areas of Tennessee and that it can not be 
classed as highly injurious in that State. - 
It is not a leaf curler and apparently 
injects no toxin into the host plant. 

Plants were artificially infested with 
the root louse and kept so throughout 
the summer to determine the effects 
on the production of runners. These 
plants each produced an average of 
47.6 plants as compared with 49.7 
plants produced by the controls. 

Aphis forbesi passes the winter in the 
egg stage on the pedicels of the leaves. 

atching begins about February 15 and 
continues for about a month. Repro- 
duction continues viviparously through- 
out the summer and as late as Novem- 
ber. In Tennessee the lice remain 
mostly on the pedicels of the leaves and 
around the crown of the plant. Only 
rarely are they found on the roots. 
The ant, Pheidole vinelandica, is most 
commonly associated with A phis forbest. 

The true sexes first make their ap- 
pearance in October and may be found 
on the plants until February. 

In a study of the factors influencing 
the production of the true sexes in A. 
forbesi, it was found that the relative 
length of exposure to daily light ap- 
pears to be an important factor. By 
giving a daily short exposure of seven 
and one-half hours, beginning February 
23, the sexes made their appearance on 
May7. Eggs were deposited on May 22. 

During the fall months of 1923 when 
the plants were given a long daily light 
exposure of 15 hours out of doors, the 
aphids continued to reproduce vivi- 
pariously as late as January 4, 1924, when 
the first truesexes made their appearance. 
On the control plant the sexes appeared 
October 6. It is possible that a combi- 
nation of long days and a temperature 
of 50° F. or higher might have sufficed 
to keep the sexes from appearing. 

The strawberry root louse has many 
natural enemies, among the most im- 
— of which is the little syrphid 

nown as Paragus tibialis. Other nat- 
ural enemies include several species of 
Braconidae, the most common being 
Diaeretus fuscicornis. Several Cocci- 
nelidae and Chrysopidae may frequently 
be found preying on the lice. 





‘ SANDERSON, E. 
Ann. Rpt. (1899/1900) 12: 143-169, illus. 1901. 
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THE EFFECT OF SULPHUR AND GYPSUM ON THE 
FERTILITY ELEMENTS OF PALOUSE SILT LOAM! 


By Lewis W. ErpMan ? 
Washington Agricultural Experiment Station 


INTRODUCTION 


During the past few years some soils 
have been found to be quite low in 
total sulphur, and the use of sulphur as 
a fertilizer has been suggested as a 
means of remedying this condition. 
Most of the experiments with sulphur 
have had certain objects in view: (1) 
To study its effect on the growth and 
composition of — (2) to determine 
its effectiveness when inoculated with 
sulphur-oxidizing bacteria and com- 
posted with manure and rock phos- 
phate in rendering available the phos- 
phorus in the rock phosphate; and (3) 
to determine its effectiveness when 
composted with manure and greensand, 
in making the potassium in the green- 
sand available for crops. Very little 
attention has been given to the direct 
effect of sulphur on the fertility ele- 
ments in the soil. From the soil fer- 
tility point of view, this problem is of 
unusual significance, because the future 
value of sulphur as a fertilizer will 
depend not only upon its ability to 
increase crop growth, but also upon the 
reactions which it brings about in the 
soil, and especially upon its effects on 
those elements which have a direct 
bearing on fertility. 

The present investigation was planned 
to ascertain to what extent the sulphur, 
potassium, phosphorus, nitrogen, cal- 
cium, and magnesium of the Palouse 
silt loam, an important soil type in 
Washington, are affected by appli- 
cations of uninoculated sulphur, in- 
oculated sulphur, and gypsum. 


EXPERIMENTAL WORK 


The soil used was a typical Palouse 
silt loam secured from an alfalfa pas- 
ture on the experimental farm of the 


State College of Washington. Wheat 
is grown extensively on this particular 
soil. It is derived mainly from basaltic 
rock and, judging from the following 
chemical analysis, may be considered of 
good fertility. 

Pounds per 2,000,000 pounds of soil: 
Nitrogen, 2,900; phosphorus, 1,280; po- 
tassium, 42,400; sulphur, 960; calcium, 
29,200; magnesium, 20,200. 

Twenty-four ordinary clay flower- 
pots (inside diameter at top 12 inches, 
at bottom 8.75 inches, and depth 8.5 
inches) were used for this work. These 
were divided into two series of 12 each, 
the first series being used for experi- 
ment 1, and the other for experiment 2. 
Each pot was thoroughly paraffined on 
the inside, and in the bottom was 
placed a paraffined cork stopper 
through which a short glass tube was 
inserted to permit the removal of 
drainage water. The outlet of the 
tube was covered with a very small in- 
verted clay pot to prevent the soil 
from clogging the opening. 


EXPERIMENT 1 


In an open field on the college farm 
a stand was built large enough to hold 
12 pots and just high enough to allow 
2.25-liter acid bottles to be placed 
beneath. The glass tube leading from 
each pot entered one of these bottles, 
the mouth of which was covered to ex- 
clude rain and dust particles. On 
November 27, 1922, 1844 lbs. of soil 
(moisture-free basis) was placed in each 
pot. This amount of soil approxi- 
mated the ordinary depth of surface 
soil (624 inches). he following treat- 
ments, made in duplicate, were 
thoroughly mixed in the i 2 inches 
of soil on December 5, 1922. 


1 Received for publication June 17, 1924; issued May, 1925. Published with the a) a of the director 


of the Washington Agricultural Experiment Station as Scientific Paper No. 109. 
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The soils in pots Nos. 3, 4, 5, 6, 11, 
and 12 received equivalent amounts of 
sulphur, the calculations being made on 
the basis that chemically pure gypsum, 
which was used in these experiments, 
contained 18.6 per cent of sulphur. 
The samples of. uninoculated and in- 
oculated sulphur were obtained from the 
Texas Gulf Sulphur Co. Inoculated 
sulphur is supposed to contain large 
numbers of efficient sulphur-oxidizing 
bacteria which give it the ability to 
act quicker than uninoculated sulphur. 

The soils in the pots placed in the 
field were exposed to natural weather 
conditions and remained undisturbed 
from December 5, 1922, to June 18, 
1923. On the latter date a composite 
soil sample was taken from each pot, 
and water extractions were made for 
the purpose of studying the amount of 
water-soluble plant food material in the 
soils at the close of the experiment. 
During the progress of the experiment 
the drainage water from each pot for 
each month was collected, filtered 
through Buchner funnels, and stored in 
large bottles in the laboratory. A 
small quantity of toluol was added to 
each bottle to inhibit bacterial action. 


EXPERIMENT 2 


On December 9, 1922, an exact dup- 
lication of experiment 1 was started in 
the greenhouse to verify and elaborate 
the results obtained from the soils ex- 
posed to natural weather conditions. 
After the treatments were made the 
soils were adjusted to the optimum 
moisture content, and for a period of 
72 days the moisture content was main- 
tained by additions of distilled water 
to weight. At the end of this time all 
of the soils were flooded with definite 
amounts of distilled water for 4 con- 
secutive days, and the leachings thus 
obtained were-treated and analyzed as 
in the case of the drainage water se- 
cured from the pots in experiment 1. 
Soil extracts wese made from these 
soils after they were allowed to dry. 


ANALYTICAL WORK 


The analytical work for these experi- 
ments involved (1) the analyses of the 


, States 


drainage water obtained form the pots 
which were exposed to field conditions; 
(2) the analyses of the leachings from 
the pots which were placed in the green- 
house; and (3) the analyses of the 
water extracts made from the soils at 
the close of both experiments. These 
analyses included determinations of 
sulphur, nitrogen, phosphorous, — 
sium, calcium, and magnesium. Colori- 
metric hydrogen-ion determinations 
were made on samples of soil taken 
from the pots at the conclusion of 
both experiments and also on samples 
of the drainage water obtained from 
each pot for the month of June, 1923. 


A rain gauge of the standard United 
Weather Bureau type was 
placed beside the pots used in experi- 
ment 1. Records were kept of the 
amount of precipitation, and samples 
of rain water for each month were 
analyzed for total sulphur. A few 
ammonia and nitrate determinations 
were made on the first samples, but 
since only traces of these compounds 
were present the study of nitrogen in 
the rain water was abandoned 


DISCUSSION OF RESULTS 


This study was limited to the surface 
624 inches of soil, and it should be 
understood that the entire amount of 
elements reported in the drainage 
water was not necessarily totally lost 
to crops. Under actual field condi- 
tions some of the water-soluble ele- 
ments may be returned to the surface 
soil from the deeper soil layers by capil- 
larity. It is believed, however, that 
the results secured are sufficient to aid 
materially in obtaining a better under- 
standing of the probable effects of sul- 
phur on soil fertility. 

Climatic conditions at the Washing- 
ton Agricultural Experiment Station 
are ideal for lysimeter studies. The 
annual average rainfall is 21.49 inches. 
The heavy rains, when leaching is most 
apt tooccur, come during the period ex- 
tending from November to June. The 
season during which these experiments 
were made was exceptionally dry in 
the fall, and the winter rains did not 
begin until early in December, or im- 
mediately after the pots were placed in 
the field. Therefore as far as the per- 
colation studies are concerned this 
investigation may be considered as rep- 
resenting the work of one year. 

The rainfall and the total sulphur of 
the rain and snow covering the period 
from November 29, 1922, to June 18, 
1923, are found in Table I. 
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TABLE I.—Amount of rainfall, and sul- 
phur in rain and snow from November 
29, 1922, to June 18, 1923 

















Pounds per acre 

Amount se iw 

Date of rain- | | Calcu- 
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sulphur 
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-95 | 54 | 1.35 
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1.30; .70| 175 
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The total amount of rainfall for the 
eight months was 14.85 inches, which 
indicates that the rainy season for 
1922 to 1923 was not quite up to the 
average. For this reason the results 
obtained from this study are probably 
all the more valuable. The total 


amount of sulphur added to an acre 
of soil in the rain and snow for this 
period (exclusive of the June sample 
which was contaminated by birds) was 
3.95 lbs. If 2 lbs. of sulphur is al- 
allowed for the months of June and 
October, which seems to be a fair esti- 
mate, judging from the other analyses 
this would make a total of about 6 lbs. 
of sulphur per acre reaching the soil 
through the annual precipitation. This 
quantity is very much below that re- 
haan by some other investigators. 

he writer * found an average of about 
15 lbs. of sulphur added to an acre of 
soil in Iowa by the rain water. Other 
analyses of the rain falling in cities and 
towns vary from 25 to over 300 Ibs. 
of sulphur per acre annually. The 
results obtained for the Palouse coun- 
try are probably low, because this sec- 
tion is far removed from the great 
coal-consuming centers which furnish 
the atmosphere with the greater por- 
tion of its sulphur. 

Table II shows the amount of drain- 
age water and leachings collected from 
the pots in both experiments. 


TaBLeE II.—Amount of drainage and leachings 









































| i- 
Experiment 1 (field pots) ays 
| | =~ 
ag | Treatment (pounds per acre) |- ——<—<—— a. 
oo | January | March | Total to 
| | ber and and for five | leach- 
| | | February June | months ings 
| @e| @@ C.c. C.c, Cec. 
Ai EE aren aa See reir 8 1,930; 5,835} 2655; 10,420 6, 555 
a Miles, ee ee | vs69| 4,515] 2640) 9,024 6, 945 
a RE ee ee 1, 900 5,175 2, 648 9, 722 6, 750 
3 Camgeeene CS ee 2, 329 | 6, 965 3, 215 12, 509 7, 300 
© cee reed Serica cadavonts duncan cesdun 2,245! 5,200) 2,875| 10,320 6, 460 
UIA os caitancsinarcenpieincninndia 2,287| 6,083} 3,045 | 11,415| 6, 880 
5 Inoculated Sn a ee | 2,305} 5,960} 3,210| 11,475 7,090 
AER) NG iP RIE CAE ON ae | 1,904) 5,250] 2,870, 10, 024 6, 705 
Sa Cs aT EN | 2,105} 5,605} 3,040; 10,750/ 6,898 
7 Uninoculated MR WN SS, oles | 2,379} 6,690| 3,180 12,249) 6,725 
© |nivilnaintenaictsoneetesonenecescemeemenct: Gi, ak ant a oe 
a eae st Ls Om Pe | 2,218 5, 393 2,920} 10,531 6, 668 
9 | Inoculated sulphur 1015............-...-.-.---- | 2,269} 5,380| 2,960! 10,609 6, 430 
ni abe eee ART eggs FS 2107| 4,937) 2,765; 9,809 6, 065 
OS a TOE LE 2,188 | 5,150]  2,863| 10,209 6, 248 





2,289 | 5,515 2,800 | 10, 604 6, 580 
2,127| 5, 167 2,725 | 10,019 6, 630 


2,208 | 5, 341 2,763 | 10,312! 6,605 
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A striking uniformity is observed in 
the amount of drainage water leached 
through each pot. The small dis- 
crepancies may readily be accounted for 
by the fact that the bottoms of some of 
the clay pots were slightly raised in the 
center. This would allow a certain 
amount of water to accumulate and 
remain in these pots after each rain. 
The drainage water for January and 
February was combined for analysis, 
and likewise the March drainage was 
added to the June drainage water. 
Owing to the small rainfall for April 
and May there was no percolation of 
water through the pots for these months. 


SULPHUR IN DRAINAGE 


LEACHINGS 


WATER AND 


It is not known what proportion of 
the total sulphur in the soil is present 
in the organic form and how much is 
free or combined with the soil minerals. 
In soils well supplied with organic 
matter probably a large portion of the 
sulphur is organic, because sulphur 
forms part of the protein molecule 
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and is therefore present in all plants 
and animals. The decomposition of 
organic sulphur compounds results in 
the formation of thiosulphates, hy- 
drogen sulphide, and free sulphur, 
and all of these substances may be 
oxidized to sulphates by the sulphur- 
oxidizing microorganisms. This pro- 
cess, termed sulphofication, is probably 
responsible for the large losses of 
sulphur in the drainage water. Lyon 
and Bizzell 4 have tabulated the results 
of a number of investigators and found 
that the loss of sulphur in drainage 
water varied from 8 to 281 lbs. per acre, 
depending upon the type of soil and 
the kind of cropping system followed. 

By applying elemental sulphur to 
soils and measuring the sulphates 
coming through in the drainage water, a 
definite idea of the rate and extent 
of sulphofication may be determined. 
In Table III are found the results of the 
sulphur analyses of the drainage water 
and leachings obtained from the 
variously treated soils in both ex- 
periments. 


TaBLe III.—Amount of sulphur in drainage water, leachings, and soil extracts 





Experiment 2 (green- 
house pots)—sulphur in 
| pounds per 2,000,000 


Experiment 1 py pots)—sulphur in pounds | | 

per 2,000,000 pounds of soil 

pounds of soil 

Pot 


Treatment (pounds ” 
No. 


per acre) : ; ” ary 8 


Jan jeg P Total 
March | Total Soil Soll | 
A. = ary rand and |forfive| ex- water- 


Feb- soluble 
uary June |months’ tracts tracts 8 sulphur 


— Leach- 
soluble; ings 
— 


47.3 
35.4 


21.6 | 41.3 11.4 | 

3 | Uninoculated sulphur | 
186 66.9 87.8 141.6 4 ° 1 | 

106.9 131.3 156.5) 200. 

86.9) 109.5 149.0 


5 -2 | . 77.5 98.9 138.9 
6 do. 9.4 | 102.0, 121.8, 163.9 


89.7 110.3 


1/C . ‘ 21.1 10.9 | 
2 d } L 22. 2 


12.0 





Average 








08. 
80. 
94. 








114.3 
87.2 


100.7 | 





Average 151.4 | 261.7 | 





| Uninoculated sulphur ! 
1000 156.9 
146.3 


151.6 


175. 4 
173. 4 | 


174.4 | 


416.1 
456. 6 


436. 3 


591.5 
630. 0 


610.7 | 











| 


209. 1 | 
178.6 | 


193. 8 


299. 8 
315. 5 | 


307.6 


13. 4 
14.0 


13.7 


169. 1 
180. 4 


182. 5 
154.5 


168. 5 


483. 5 
472.0 


477.7 | 


47.2 
35. 0 


41.1 





692. 6 | 
650. 6 





Average 
.| or Peep ekasshexs 


671.6 | 


347.0 
350. 5 | 


348. 7| 








30.5. 
30.3 
30. 4 





174.7 
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A. LYSIMETER EXPERIMENTS. RECORDS FOR TANKS 1 TO 12 DURING THE 
N. Y. Cornell Agr. Exp. Sta. Mem. 12,115p., illus. 1918. 


‘Lyon, T. L., and BizzeEL., J. 
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These data reveal some interesting 
facts. Considering first, the results of 
experiment 1, it may be noticed that 
after three months there was only a 
slight oxidation of the elemental sul- 
phur, owing possibly to the cold tem- 
peratures prevailing during this time. 
From February to June the tempera- 
ture was more favorable for the activity 
of soil organisms, and a considerable 
portion of the elemental sulphur from 
both the small and large applications 
was changed to the sulphate form. 
Practically the same amount of sul- 
phates was produced from the small 
applications of uninoculated and in- 
oculated sulphur. Slightly more sul- 
phates were formed from the large 
application of inoculated sulphur than 
from the same amount of uninoculated 
sulphur. 

t was realized that the amount of 
rainfall percolating through the soil in 
the pots was not sufficient to remove 
all of the sulphur which had been 
changed to sulphates. Therefore, at 
the conclusion of the experiments, 
soil extracts were made from a com- 
posite soil sample from each pot in 
order to throw more light on the 
changes that the elemental sulphur 
had undergone in the soil. The data 
obtained from these extracts were 
added to the amount of sulphur re- 
covered in the drainage in order to 
get the total water-soluble sulphur. 
By examining the latter data it is 
noted, first, that after seven months 
approximately 200 lbs. of sulphate 
sulphur was obtained from the low- 
sulphur pots Nos. 3, 4, 5, and 6, and, 
second, that a little more than one- 
half of the 1,000 pounds of sulphur 
added to pots Nos. 7, 8, 9 and 10 was 
recovered as sulphates. 

These facts indicate that this soil 
has a very marked sulphofying power, 
which probably explains why the 
inoculated and uninoculated sulphur 
treatments produced almost the same 
quantity of sulphates. 

It may be well to recall that the soil 
in the pots in the greenhouse was 
maintained at optimum moisture con- 
ditions for a period of 72 days. Dur- 
ing this time conditions should have 
been extremely favorable for optimum 
microorganic activity, and the data 
given for experiment 2 show that such 
conditions did exist. The results for 
the small sulphur treatments agree 
almost perfectly with the data obtained 
from experiment 1. In the case of the 
larger sulphur additions it is surprising 
to note that the total 1,000 Ibs. of 
sulphur which was originally added 
was recovered as sulphates after two 


and one-half months. The large 
sulphur treatments seemed to have 
had a marked influence also on sulpho- 
fication, as is shown by the increase in 
sulphur obtained over the amount 
added and the amount recovered from 
the untreated soils. These data also 
show that for this soil the uninoculated 
sulphur is just as effective as the inocu- 
lated sulphur in producing available 
sulphur for plants. 

A striking feature of the December 
analysis is that practically one-half of 
the sulphur added in the 1,000 lbs. of 
gypsum leached through the surface 
soil at the end of one month. After 
three months all of the sulphur 
originally added, and an appreciable 
quantity besides, appeared in the 
drainage water. By June the gypsum- 
treated soil showed a still further 
increase in sulphur in the drainage 
water when compared with the control. 
These results would seem to indicate 
that gypsum greatly increased sulpho- 
fication in this soil. The results 
obtained in the greenhouse for the soil 
treated with gypsum, however, do not 
agree with these findings, but show on 
the other hand that gypsum did not 
increase sulphofication. The data 
obtained from the field pots treated 
with gypsum present a strong argu- 
ment for the spring application of 
gypsum, because if applied in the fall 
it may be largely lost through leaching 
before the crop has a chance to make 
use of it. 


EFFECT OF SULPHUR AND GYPSUM ON 
POTASSIUM 


The results of the analyses of the 
drainage water and leachings for potas- 
sium are given in Table IV. 

An examination of the amount of 
potassium leached from the control 
soil indicates that the Palouse silt 
loam is not deficient in available potas- 
sium. All of the sulphur treatments 
caused small but decided increases in 
the amount of potassium appearing in 
the drainage water. The results of 
both experiments confirm this state- 
ment, although it is not known why so 
much more water-soluble potassium 
was present in the drainage water and 
water extracts from the field soils than 
was the case in the soils in the green- 
house. The process of making potas- 
sium available is certainly correlated 
with sulphofication, because, as shown 
by the analyses of the drainage water 
obtained during the different months, 
no effect on soil potassium was pro- 
duced until the end of June, or after 
appreciable quantities of sulphur had 
been oxidized. This statement is very 
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TaBLE IV.—Amount of potassium in drainage water, leachings, and soil extracts 





per 2, 


Pot| Treatment (pounds 


Experiment 1 yo pee oeetom in pounds | 
000,000 pounds of soil | 


| Experiment 2 (green- 
house pots)—potas- 
sium in pounds per 
ew pounds of 
80 





0. | per acre) | 
Janu- | 
ary 
and 

Febru- 
ary 


and 





| March | Total | 


June | months| 
| | 


| | 
| | Total 
Soil | water- 
ex- — soluble 
tracts  potas- 
| sium 


| Total 

Soil | water- 

ex- | soluble 

tracts | | potas- 
sium 


Leach- 


| for five | ings 





183. 8 
213. 3 


425. 2 
482.1 





Average 


453. 6 | 198. 5 





3 | Uninoculated sulphur 
186 


| 
498. 4 | 
507.3 


80.0 
82.5 





Average 


502.8 | 81.2 





5 | ae “wen sulphur 189 
6 | 


75.6 


74.5 


487.1 
470.0 





Average 


75.0 





478. 5 | 





7| Uninoculated sulphur 
| 1000 


575.7 
561.3 


131.3 
131.9 


226.7 
201.6 








Average 


131.6 | 214.1 


568. 5 | 





| Inoculated sulphur 
} 10165. 


131.4 
113.4 


234. 4 
200. 2 





| 
7] 
| 


SOL 2 





Average 


598. 9 | 217.3 





| Gypsum 1000 
do 41.1 


441.3 
447.2 


172.2 
183. 3 








39.9 





strikingly brought out by the data 
iven for the high sulphur treatments. 
n this connection Ames* suggested 
that the liberation of potassium was 
brought about by salts formed rather 
than by the direct action of acidity, 
developed from nitrification and sul- 
phofication, on insoluble potassium 
compounds. That this assumption 
holds true for these experiments will 
be shown later, when the hydrogen-ion 
concentrations of the soils are con- 
sidered. 

The inoculated and uninoculated 
sulphur treatments showed practically 
the same effect in liberating the in- 
soluble soil potassium. 


The data given for the analyses of 
the drainage water from the soils 
treated with gypsum indicate that for 
the first three months fp caused 
an increase in water-soluble potassium, 
but, on the other hand, the data for the 





177.7 








total water-soluble potassium show 
that gypsum slightly decreased the 
amount of potassium going into solu- 
tion. A correct interpretation of the 
effect of gypsum on soil potassium in 
experiment 1 is made impossible by 
the seemingly high analysis reported 
for the control soil No. 2 for the March 
and June drainage. The data given 
for experiment 2 show that under 
greenhouse conditions gypsum brought 
about a distinct increase in the amount 
of potassium found in the leachings 
and also in the soil extracts. 


EFFECT OF SULPHUR AND GYPSUM ON 
CALCIUM 


Tottingham and Hart ® summed up 
their work on sulphur and sulphur 
composts with the statement that 
“adequate consideration of the use of 
sulphur as a fertilizer must recognize 
its tendency to deplete the stock of 
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CaO, P2,Os, and other soil constituents.” 
The extent to which the supply of cal- 
cium in Palouse silt loam may be 
depleted by the use of sulphur is 
brought out in the data presented in 
Table V. 


Effect of Sulphur and Gypsum on Palouse Silt Loam 457 


doubt on the accuracy of all of the 
calcium data obtained from the soil 
extracts in experiment 1. 

The results obtained from experi- 
ment 2 show that all of the sulphur 
treatments caused a marked loss of 


TABLE V.—Amount of calcium in drainage water, leachings, and soil extracts 






























































Experiment 2 (green- 
Experiment 1 (field pots)—calcium in pounds house pot)—calcium 
per 2,000,000 pounds of soil in pounds per 2,000,- 

000 pounds of soil 

Pot| Treatment (pounds ; * 
No. per acre) | Janu- - | Total | Total | Total 
- re! _ Soil ex-| W8tT | Leach- | Soil ex-| Water 
cember | a. Fo five | tracts — ings | tracts — 
} ary | months } um | um 
} 
Dt QE icteencaastesane 52.9; 43.9 36.1 | 132.9 625. 7 758. 6 56. 4 556. 4 612.8 
S lawend Piieidennnlitoedes 41.8)/) 32.4 62.7 | 136.9 | 487.3 | 624.2 78.6 | 574.9) 653.5 
[| a 2 

Average.....------ 47.3| 381| 494/| 1349] 5565 | 691.4| 67.5! 565.6) 633.1 
3 Uninoculated sulphur} si | ; ic fas ‘Cees 
RES 44.0) 41.4) 56.3) 141.7] 547.2 | 688.9] 1382| 5728) 718.0 
a ivéwed ielkaxtesindeucatin 44.7 | 33.2 89.5 | 167.4 | 495.6 663. 0 176.0 552. 6 } 728.6 
AVE ns sonia 44.3} 37.3| 72.9| 1545] 621.4| 675.9| 157.1] 566.2] 723.3 
5 Inoculated sulphur 189.| 46.1| 369, 683 151.3| 5431| 6044) 150.0 635.6 | 785.6 
ce ia hiticderetiaces | 39.9) 30.5) 91.7 | 1621 | 526.6 | 688.7 | 126.3 | 552.6 | 678.9 
RRs cnctawtnn 43.0 33.7 80.0 156. 7 534.8 691.5 138, 1 504.1 | 732.2 

7 | Uninoculated sulphur ewe {y Se ieee | ay 
Wes tadue wnedks ides | 44.8 38.2 | 129.4 212.4 | 404.7/ 617.1 458.2 646.7 | 1, 104.9 
Oo. ccdecaamonbebekadss 42.8 30. 2 94. 2 167.2 | 353.1 520. 3 432. 8 548.9 981.7 
A Vera@e..i...<-.<- 43.8 34.2 111.8) 189.8 378.9 | 568.7) 445.5 597.8 | 1,043.3 




















(AL SRLS 61.1 | 36.2) 163.7| 261.0| 351.1 | 6121] 455.8! 557.5) 1,013.3 
a eee ISR 46.3} 35.0) 103.9) 185.2] 417.1 | 6023| 421.0| 495.6) 916.6 
Average.....-.---- 53.7| 35.6) 183.8| 2231] 3841| 607.2] 4384/ 5265| 964.9 

“11 Gypsum 1000.....-.-- | 107.6 | 141.0! 344{ 283.0| 561.7| 844.7| 90.6/ 631.9| 7225 
RG coas a cette cudncs | 1128 | 1522) 33.9] 208.9) 541.1) 840.0) 3284) 646.7 | 975.1 





Average.......-.-- | 110.2 | 146.6 


34.1 | 290.9) 551.4 | 842.3 | 209.5 | 639.3 848.8 





For three months the amount of 
calcium appearing in the drainage 
water collected from the field pots was 
practically the same for all of the 
sulphur treatments. This, however, 
should be expected, because up to this 
time no appreciable sulphofication had 
takenplace. Asthesulphur waschanged 
to sulphate it might be expected that 
some of the sulphuric acid would react 
with the calcium in the soil. This is 
demonstrated by the amount of cal- 
cium appearing in the March and June 
drainage from the soils treated with 
sulphur. It is difficult to explain 
why the high sulphur treatments 
‘aused such small amounts of calcium 
to be present in the soil extracts. 
The determinations for the duplicate 


control soils show a wide variation 
which tend to throw a shadow of 
calcium in the leachings. This is 
especially true for the high sulphur 
additions. Under the conditions of 
the greenhouse experiment the data 
secured support the belief that sul- 
phur rapidly depletes the supply of 
salcium in the soil. Further ex- 
perimentation is needed, however, 
to confirm this statement for field 
conditions. 

Working with various lime com- 
pounds, including calcium sulphate, 
Broughton’ reached the conclusion 
that there is nothing in the soil to 
attract calcium in the form of the 
sulphate because CaSO, moves through 
the different depths in a solid column. 





’ BroucutTon, L. B. HOW LIME IS DISTRIBUTED THROUGH AND LOST FROM SOILS. FACTORS INFLUENC- 


ING THE DIFFUSION AND DEPLETION OF LIME IN SOILS. 
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Md. Agr. Exp. Sta. Bul. 166, p. 285-334. 1912. 
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If this were true, gypsum would not 
have any chemical action on the soil 
constituents. But it is evident from 
the discussion of the data obtained 
from experiment 2 that gypsum caused 
an increase in the amount of potas- 
sium in the leachings. Again, it is 
difficult to interpret the calcium data 
secured from the soils treated with 
gypsum in both experiments, because, 
first, of the wide variation in the cal- 
cium determinations in the water 
extracts from the two control soils in 
experiment 1 and, second, because of 
the wide difference between the dupli- 


TABLE VI. 


Experiment 1 (field pots)—magnesium in pounds 
per 2,000,000 pounds of soil 


Journal sd Agnoutnerdl B Research 


Vol. XXX, No. 





cate gypsum treatments in the amount 
of calcium found in the leachings in 
the water-soluble magnesium in the 
Soils at the close of the experiments. 

Inasmuch as the differences between 
duplicate treatments in most cases are 
greater than the difference noted for 
the various sulphur treatments, it 
seems best to discuss only the total 
water-soluble magnesium data for the 
two experiments. Considering first the 
total water-soluble magnesium for ex- 
periment 1, it will be noted that none of 
the treatments had any appreciable 
effect on this element. The data from 


—-Amount of magnesium in drainage water, leachings, and soil extracts 


| 

| Experiment 2 (green- 
house pots)—magne- 
sium in pounds per 





Pot| Treatment (pounds 
No. per acre) Janu- 
De- ary | 
cember | ,22¢ | 

Febru- 
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an 


15.0 
13.4 
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d 


June 


| 

| 2,000,000 pounds of soil 
| 

| 


Total 
water- 
soluble 

mag- 
nesium 


Total 
water- 
soluble 

mag- 
nesium 


Total Soil 
for five ex- 
months tracts 


Soil 
ex- 
tracts 


| 70.7 


39.9 


205. 2 
189. 6 


275.9 
229. 5 


19. 2 
23. 5 


Lost. 
187.4 





| Average 14.2 


55.3 | 197.4 | 2527] 21.3) 187.4 | 








3 | Uninoculated sulphur 
| 186 : ie 
13. 3. 


34.9 | 
50. 3 | 


204. 4 
229. 9 


104. 8 
167.1 





Average 13.5 


217.1| 42.6 | 135.9 








5 | | Inoculated pmnevenel 189_| 
6 |.....do- 


14.0 
13 


207. 6 52.5 | 
214.4 31.7 | 





174.9 
155. 9 





Average 


167.8 | 211.0} 421) 165.4 





7 | Uninoculated sulphur | 
1000 | 


172.2 
142.6 


230. 6 
197.6 


128.6 
122.5 


156. 6 
130. 4 


285. 2 
252. 9 








Average 





157.4 | 214.1 143. 5 269. 0 





9 | Inoculated sulphur | 
| 1015 


93.9 | 167.5 137.6 | 274.3 


35.4 
40. 5 | 


10.9 
10.7 | 


10.8 | 


168.7 
131.3 


158.3 
147.8 


229.0 
198. 2 


240. 6 
235. 3 


237.9 


123.8 255. 9 
130.7 | 265.1 


148.0, 174.8 
116.6 | 163.8 


132.3 | 169.3 














153.0 | 





experiment 2. The results do indi- 
cate, however, that at least the 
greater portion of the calcium in the 
gypsum is leached away in the drainage 
water. 


EFFECT OF SULPHUR AND GYPSUM ON 
MAGNESIUM 


In Table VI appear the data show- 
ing the losses of magnesium in the 
drainage water and leachings and 


experiment 2 show that, while the low 
sulphur additions did not increase the 
amount of soluble magnesium, the high 
sulphur treatments did cause an in- 
crease in the amount of magnesium 
going into solution. In this case some 
of the soil magnesium was probably 
used to neutralize some of the acid 
which was produced in the oxidation 
of the 1,000 Ibs. of elemental sulphur. 
Gypsum apparently had little effect in 
liberating magnesium from its insol- 
uble compounds in the soil. 
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EFFECT OF SULPHUR AND GYPSUM ON 
SOIL NITROGEN 


The data showing the effect of sul- 
phur and gypsum on nitrogen in the 
soil and on nitrification are found in 
Table VII 

It should be remembered that the 
nitrogen which leached through the 
soils during December represents the 
accumulation of nitrates during the 
summer and fall of 1922, for there had 
been no rains sufficient to leach the 
soil previous to this time. No effect 
was noticed for the treatments during 
December. All of the remaining data 
indicate that the different treatments 
caused a slight depressing effect on 
nitrification. It is difficult to account 
for the relatively small amount of 
nitrates present in the leachings and 
water extracts from the soils in ex- 
periment 2. Possibly it was due to 
the utilization of nitrates by the 
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nitrogen-assimilating organisms, or to 
the extremely small quantity of water- 
soluble phosphorus contained in this 
soil. McHargue and Peter® in their 
study of the removal of mineral plant 
food by natural drainage waters found 
that a high phosphorus content of soils 
accelerates the action of the nitrifying 
organisms. 


EFFECT OF SULPHUR AND GYPSUM ON 
PHOSPHORUS 


Analyses were made for phosphorus 
in the drainage water and leachings 
obtained from the soils in both experi- 
ments, but the amounts obtained were 
so small as to be well within the limit of 
error for this determination. These 
results are therefore omitted from the 
discussion. Most soils have shown the 
capacity to retain phosphorus com- 
pounds in the surface area, and 
usually only traces appear in the 
drainage. 


Taste VII.—Amount of nitrogen in drainage water, leachings, and soil extracts 






























































| Experiment 2 (green- 
| Experiment 1 Ay pots)—nitrogen in pounds per house pots)—nitrogen 
2,000,000 pounds of soil in pounds per 2,000,000 
| pounds of soil 
Pot; Treatment (pounds |— a l ; a 
No. | per acre) Jan- Total | Total 
| | De- uary | March Total | Soil | water- Leash- Soil | water- 
| | ceem- and and forfive| ex- — soluble in ex- | soluble 
ber Feb- | June | months) tracts | nitro- 8S | tracts | nitro- 
ruary gen | gen 
} 
| 
| Control Gs belies aceguicn de 48.7 . 2 29. 2 107.1}; 79.2 | 186. 3 24.8 8.4 } 33. 2 
miss, GO..............--| 6%1} 120] O66] 1887| 885) 2431 O78 98] 37.6 
| Average........--- | 629 20.6] 47.9; 1214] 838| 2052] 23| 91! 354 
3 Uninoculated _ sul- | | 
EE Bbrndutiicimne 58.3 18.6 14.6 91.5 55.9 147.4 21.1 8.1 29. 2 
© lccaeel NOLEN 54. 5 15.0 15.0 84.5 51.2) 135.7 23.7 7.3 31.0 
a | 66.4 16.8 14.8 88.0 53.5 | 141.5 22.4 7.7 | 30.1 
5 Inoculated sulphur | 
Lees cm asentilintmccbrass 59.3 15.9 16.0 91.2 60.5 | 151.7 17.3 7.0 24.3 
Olisste a i chin eabaatig eb iaranel 51.1 15.1 16.2 82.4 55.9 | 1383 21.6 5.8 27.4 
Average.........-- | $5.2) 15.5] 161} 868] 582) 145.0] 194] 64) 258 
7 | Uninoculated sul- | | 
phur 1000............| 58.6 17.8 11.6; 880 61.2) 139.2 18.0 7.8 25. 8 
Sree Wits Uianaaan oleae 56.0), 13.6) 18.6 | 88. 2 55.9 | 144.1 24.2 8.4 32. 6 
Average.....-..--- | 57.3} 157) 151! 881] 635!) 14.6] 211/ &1/ 292 
9 a" waa sulphur | | 
De pttasne wbeaiaieden 77.6 14.9 35.5 | 128.0 69. 8 197.8 4, an Ea 
Tt eee we BRE FESO 89.7| 19.7] 285] 107.9] 69.8) 177.7] 17.5 6.7 24.2 
Average.........-- 68.6} 17.3| 320] 1179| 608| 187.7] 166) 67| 233 
11 Gypsum 1000 ........-. §2. 2 15.3 12.7; 80.2 55.9] 136.1 16.8 5.0 21.8 
AS lceaed Ce ee 57.1 16.1 13.3 | 86.5 55.9] 142.4 24.3 6.7 31.0 
Average........--- 54.6 | 167) 13.0 | 83.3 | 55.9] 139.2] 20.5 6.8 | 26.4 
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EFFECT OF SULPHUR AND, GYPSUM ON 
HYDROGEN-ION CONCENTRATION 


Table VIII gives the results of the 
determinations of the hydrogen-ion 
concentration in the samples of drain- 
age water obtained from the pots in 
experiment 1 during the month of June, 
and in the leached soils at the close 
of the experiments. 

Before the treatments were made 
the soil used in these experiments had 
a Py of 7. The range of experimental 
error for the colorimetric method of 
determining hydrogen-ion concentra- 
tion is usually considered to be 0.2 
Py. By taking this error into consid- 
eration and examining the determina- 
tions given for the duplicate treat- 
ments, it is noted that in every case at 
least one of these determinations falls 
within the 0.2 Py limit. Therefore it 
can not be definitely said that any of 
the treatments increased the hydrogen- 
ion concentration in this soil or in the 
drainage water obtained during the 
month of June. It is surprising that 
considerable acidity did not develop 
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in those soils receiving large additions 
of sulphur. A possible explanation for 
this fact is the high reserve supply of 
basic materials in the Palouse silt 
loam. As sulphuric acid was produced 
it was immediately neutralized by the 
bases present. Owing to its large sup- 
ply of basic materials, this soil may 
receive considerable quantities of sul- 
»hur without showing the need of 
Remtens to correct acid conditions. 

The data given in Table VIII show 
also that there was insufficient acidity 
developed from sulphofication to bring 
about any solvent action on the native 
soil potassium and that the increase 
of this element, owing to the various 
treatments noted in Table IV, proba- 
bly resulted indirectly from the forma- 
tion of salts. 

DISCUSSION OF THE CURVES 

Each of the tables from III to VII, 
inclusive, gives a column representing 
the total water-soluble elements which 
were recovered in both experiments. 
The data giving the average of the 
duplicate treatments have been used 


TasBLe VIII.—Hydrogen-ion concentration in the drainage water for June and in 
the soils at the end of the experiments 


Treatment (pounds per acre) 
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in plotting the curves shown in Figure 
1. The graph permits a comparison of 
the results obtained from both experi- 
ments, and also shows the relation of 
sulphofication to the availability of the 
soil potassium, magnesium, calcium, 
and nitrogen. 

By examining the curves represent- 
ing the different elements, and com- 
paring the inoculated sulphur with the 
uninoculated sulphur, it is seen that, 
in general, the line connecting the two 
sulphur treatments is nearly always 
parallel to the abscissa. Especially is 
this true for the small applications of 
sulphur. It seems well established, 
therefore, that the uninoculated sul- 
phur produced about the same effects 
in this soil as did the inoculated sul- 
phur. 

The curve representing the water- 
soluble calcium from the greenhouse 
pots follows the same general conform- 
ity as the sulphur curve for the green- 
house soils. This shows that with in- 
creased sulphofication there was a cor- 
responding increase in the loss of cal- 
cium from the soils receiving sulphur, 
and this loss was greater with the high 
applications of sulphur than with the 
low sulphur treatments. The calcium 
curve for the field pots is apparently 
abnormal, or contrary to what would 
be expected to follow from the applica- 
tion of sulphur to the soil. The po- 
tassium curves show that increased 
sulphofication was followed by a greater 
availability of the soil potassium. Gyp- 
sum caused no marked effect on the 
water-soluble potassium, except under 
greenhouse conditions. 

The curves representing the water- 
soluble magnesium obtained from the 
soils in both experiments show that the 
sulphur treatments had little effect on 
the loss of magnesium in the drainage 
water, except in the case of the large 
applications made on the greenhouse 
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soils. The nitrogen curves likewise 
show that the applications of sulphur 
and gypsum had little effect upon nitri- 
fication. 


CONCLUSIONS 


From the data secured from this 
work on the Palouse silt loam, and 
presented in the foregoing tables and 
in Figure 1 (see p. 462), the following 
conclusions seem to be justified: 

(1) The Palouse silt loam has a 
naturally high sulphofying power, and 
uninoculated sulphur when added to 
this soil was just as efficient as inocu- 
lated sulphur in producing sulphates. 

(2) Under the conditions of the ex- 
periments the gypsum and sulphur 
used as fertilizers were readily leached 
out during the winter months. To 
guard against unnecessary losses of 
these materials it is advisable to apply 
them at a time when the crop has the 
greatest need for them. 

(3) All of the sulphur treatments 
increased the availability of the native 
soil potassium, as is evidenced by the 
increased amount of this element in the 
drainage water from the soils which 
were treated with sulphur. Gypsum 
increased the amount of soluble potas- 
sium under greenhouse conditions, but 
definite increases in soluble potassium 
were not obtained under field conditions. 

(4) Elemental sulphur, when oxi- 
dized in the soil under greenhouse 
conditions increased the loss of calcium 
in the leachings. The results on cal- 
cium obtained under field conditions 
were too irregular to point to any con- 
clusions. 

(5) Magnesium compounds in the 
soil were but little affected by sulphur 
or gypsum. 

(6) Both the sulphur and gypsum 
treatments had little effect upon 
nitrification in this soil. 
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PHY TOPHTHORA ROT OF PEARS AND APPLES! 


By Dean H. Ross, Pathologist, and Cart C. Linpraren, Field Assistant, Office 
of Fruit Disease Investigations, Bureau of Plant Industry, United States Depart- 


ment of Agriculiure 


INTRODUCTION 


On September 5, 1923, the junior 
author collected on the South Water 
Street Market, Chicago, Bartlett pears 
from Fennville, Mich., which showed 
black spots covering about half the 
pear. On the surface of these spots 
there was a scanty growth of mycelium 
(pl. 1, A). When the pears were cut 
through at these spots the flesh under- 
neath was found to be for the most part 
very light brown in color but markedly 
darker brown in the vascular system 
(pl. 1, B). Mounts of the surface fun- 
gous growth under the microscope 
showed numerous conidia resembling 
those of Phytophthora, and plantings 
from the diseased flesh yielded a fungus 
which agreed in all important respects 
with published descriptions of Phytoph- 
thora cactorum. The pathogenicity of 
the fungus isolated from these pears 
and from apples and other pears col- 
lected later has been proved by inoc- 
ulation into healthy pears and apples. 

Further examination of fruits on the 
Chicago market showed that the dis- 
ease is more widely distributed in the 
United States than had hitherto been 
suspected; a study of the fungus in 
culture and on the fruit brought out 
a number of facts concerning its mor- 
phology which seem not to have been 
observed by other workers. The pres- 
ent paper summarizes the results of this 
work and gives in addition a fuller de- 
scription of the disease than is available 
in earlier publications, 


DISTRIBUTION AND FIELD OBSER- 
VATIONS 


Following the collection of Phytoph- 
thora rot on the Chicago market on 
September 5, other collections were 
made as follows: 

On September 11 a shipment of 
Clairgeau pears from St. Joseph, Mich., 
was seen on the Chicago market which 
showed a loss of about 30 per cent from 
a rot similar to that described above. 
It was learned later that the entire 
shipment consisted of windfalls. 


On September 24 Anjou pears and on 
September 25 Clairgeau pears were 
found on the Chicago market which 
showed the symptoms of Phytophthora 
rot. Nothing was learned as to the 
origin of either of these lots of pears. 
It is probable, however, that they also 
came from Michigan, since they had 
been shipped in bushel baskets and 
Michigan was at that time the only 
Middle Western State shipping Anjou 
and Clairgeau pears in baskets into 
Chicago. Both varieties, if shipped 
from California or the Northwest, 
would have been packed in boxes. 

On September 27 several orchards 
near St. Joseph, Mich., were visited 
and numerous cases of Phytophthora 
rot were found, on both pears and 
apples. The decay was found only on 
windfalls, never on fruit hanging on 
the tree. In some instances the wind- 
falls under Clairgeau pear trees showed 
100 per cent infection, particularly 
those under trees where there were in- 
dications that \.ater had been standing 
on the soil. Moreover, pears which 
looked sound when viewed from above 
as they lay on the ground were usually 
found to have a black spot on the lower 
side if the ground was moist to the 
touch. 

The varieties of pears found to be 
affected with Phytophthora rot were 
Clairgeau, Kieffer, Bosc, Howell, Bart- 
lett, Anjou, and Angouleme (Duchess). 
The disease was also found to be serious 
among the windfalls on the following 
varieties of apples: Twenty-Ounce 
Pippin, Northern Spy, Tolman, Bald- 
win, Winesap, Jersey Sweet, Wealthy, 
Gideon, Rhode Island Greening, and 
Tompkins King. Cultures of a Phy- 
tophthora were obtained from all the 
varieties and all the collections men- 
tioned above. 

The influence of soil moisture was 
noted in two Kieffer pear orchards, 
both of which had been kept in clean 
culture. In one of these the soil was 
moist to the touch and practically all 
of the fruit on the ground showed the 
typical symptoms of Phytophthora rot. 
In the other orchard the surface soil 
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was almost dusty and only about 10 
per cent of the windfalls showed the 
disease. 

On October 29, 1923, the junior 
writer assisted in the inspection of a 
ear of Delicious apples at Chicago, 
shipped from Wenatchee, Wash. Many 
of the apples were incrusted with clay, 
and one of them showed the character- 
istic symptoms of Phytophthora rot. 
A pure culture of Phytophthora was 
obtained from this apple. On January 
11, 1924, the rot was found in Rome 
Beauty apples from Boise, Idaho, in- 
spected in cold storage at Chicago. 
Plantings from affected fruits yielded 
only Phytophthora. 


DESCRIPTION OF THE DISEASE 


A brief description of Phytophthora 
rot on pears has been given in the first 
paragraph of this paper. However, 
there are certain characteristics of the 
rot on both pears and apples which 
merit further consideration, since a 
search of the literature shows them not to 
have been described in any detail before. 
Throughout the following discussion, 
whichis based on a study of naturally in- 
fected fruits and of fruits inoculated in 
the laboratory, it is to be understood 
that all statements refer to tissues 
affected by the fungus. In both pears 
and apples there is always a marked 
vascular browning, both in the larger 
bundles near the core and in the smaller 
ones throughout the flesh (pl. 1, B and 
D). Very often the browning in the 
larger bundles extends to the stem and 
into it for part or all of its length (pl. 
1, B) in the manner described by 
Schoevers (12, p. 154).2. In this con- 
nection it may be mentioned also that 
Rose (10) found marked vascular 
browning in strawberries parasitized by 
a fungus very similar to and apparently 
identical with Phytophthora cactorum. 
In apples the flesh surrounding the 
bundles is lightly browned, in pears 
scarcely at all. In some varieties of 
pears, notably Clairgeau, the flesh is in 
fact decolorized and has a clear, water- 
soaked appearance very much like that 
of apple flesh affected by water-core. 
The parasitized flesh of both apples 
and pears sometimes becomes slightly 
spongy, but is usually as firm as sound 
healthy flesh; it rarely becomes soft 
and mushy like that found in lesions 
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produced by Rhizopus or Penicillium. 
The only exception noted was that of 
pears of the Seckel variety, inoculated 
with Phytophthora in the laboratory. 
In cross-section, Phytophthora lesions 
on both pears and apples show indefi- 
nite boundaries so that it is impossible 
to make a clean separation of diseased 
from healthy flesh, as can so easily be 
done in fruits attacked by Rhizopus or 
Penicillium. The affected flesh has no 
marked odor or taste. Externally the 
lesions produced by Phytophthora on 
apples are light brown (pl. 1, C), on 
pears dark brown to black (pl. 1, A). 


INOCULATION EXPERIMENTS 
EXPERIMENT 1 


Twelve Clairgeau pears were washed 
in soap and water and rinsed in ster- 
ilized tap water. They were then ster- 
ilized for 10 minutes in 1: 1,000 mer- 
curic chloride solution, rinsed again in 
sterilized tap water, and placed in two 
moist chambers. Six were inoculated 
with a pure culture of Phytophthora 
obtained from Clairgeau pears and six 
were used as controls. 

On the fourth day all the inoculated 
pears showed the characteristic lesions, 
and all the controls were free from any 
symptoms of the disease. The lesions 
ranged in size from 33 to 44 mm.in 
superficial diameter, averaging 37 mm. 
On the tenth day the controls were still 
in perfect condition, while the lesions 
on the inoculated fruits varied from 70 
to 77 mm. in superficial diameter, aver- 
aging 74 mm. Cultures from these 
lesions yielded only Phytophthora. 


EXPERIMENT 2 


Eighteen apparently uninjured Kief- 
fer pears were sterilized in 1: 1,000 
mercuric chloride for 10 minutes. Six 
used for controls were placed in a moist 
chamber with water in the bottom. 

A layer of cotton batting was placed 
in the bottom of a moist chamber and 
saturated with sterile water. On the 
cotton batting were placed six small 
pieces of an agar culture of the Phy- 
tophthora which had been isolated from 
Clairgeau pears. A sterilized pear was 
placed on each piece of agar culture. 
On the eighth day three of the pears, 
and on the thirteenth day all of them, 





? Reference is made by numbers (italic) to ‘‘ Literature cited,’’ p. 468. 





EXPLANATORY LEGEND FOR PLATE 1 
A.—Anjou pear five days after inoculation with the Phytophthora isolated from a naturally infected pear 


B.—Cross-section of the pear shown in A 


C.—Grimes Golden apple five days after inoculation with the Phytophthora isolated from a naturally 
infected pear u 
D.—Cross-section of the apple shown in A (Color plate by J. Marion Shull) 
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Phytophthora Rot of Pears and Apples PLATE 1 
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showed the characteristic symptoms of 
Phytophthora. The fungus was recov- 
ered from two of these pears by cul- 
turing. All of the others were cut up 
and were found to show the character- 
istic vascular darkening. 


EXPERIMENT 3 


Some of the clay soil from an orchard 
at St. Joseph, Mich., was placed in a 
moist chamber and sterile water was 
poured over it until water stood on the 
soil to the depth of about 2 cm. Six 
sterilized pears, apparently free of skin 
punctures, were then placed in the 
moist chamber on the soil. All of these 
pears developed Phytophthora rot, and 
pure cultures of the organism were 
obtained from every one of them. The 
first pear developed the rot on the 
thirteenth day, two more on the twenty- 
first day, and the remaining three on 
the twenty-second day. Similar re- 
sults were obtained in another experi- 
ment which duplicated No. 3, except 
that apples were used instead of pears. 
Controls provided in both experjments 
remained sterile. 

Nothing is known of how infection 
occurred in the moist chambers con- 
taining pears resting on soil covered 
by water. Quite evidently the fungus 
existed in the soil and continued to 
grow there even though entirely sub- 
merged. It is possible and indeed 
quite probable that the fungus grew 
out into the water; but whether the 
infection which occurred was brought 
about by zoospores or directly by the 
mycelium is a question to which the 
experiments and the observations made 
on them give no answer. 

The results obtained in these experi- 
ments are strong evidence that the 
Phytophthora isolated from apples 
and pears is able to penetrate the 
uninjured skin of those fruits. Evi- 
dence to the same effect was seen in 
the orchards visited in Michigan. 

MORPHOLOGICAL FEATURES 

Twenty of the isolations from dis- 
eased pears and apples, including the 
three from Washington and Idaho 
apples, were subjected to comparative 
study after they had grown for 9 to 70 
days on potato dextrose agar, on 
Sherbakoff’s oatmeal agar, and on 
oatmeal paste. On potato dextrose 
agar they all produce conidia (pl. 2, 
A and B) and oogonia (pl. 2, C to H) 
in abundance and also large numbers 
of bodies which are very similar to 
the “sphaero-conidia” (pl. 2, I to L) 
described and figured for Phytophthora 
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cactorum by Lafferty and Pethybridge 
(6, p. 87 and pl. II, fig. 18). On oat- 
meal agar they produced large numbers 
of conidia and oogonia, but very few 
“‘sphaero-conidia”’; in some cultures 
there were none of these _ bodies. 
Measurements of the various spores 
forms were made for three cultures, 
which so far as could be told by exami- 
nation with the microscope were rep- 
resentative of the whole 20. One of 
these cultures had been isolated from 
the Delicious apple from Washington, 
one from a pear from Michigan, and 
one from an apple from Michigan. 
The measurements can be summarized 
as follows: Oospores, 15 to 43 uw in 
diameter, average 26.6 4; conidia, 
length, 25 to 44 yw, average 34.4 u; 
conidia, width 21 to 31 M, average 26.8 
uw; ‘‘sphaero-conidia,”’ 25 to 45 u 
in diameter, average 34.6 yw. All of 
these are in ‘close agreement with the 
constants given for the spore forms 
of Phytophthora cactorum by other 
workers. (Rosenbaum (/1) Beach (1) 
and measurements quoted by the 
latter from other papers.) 

The conidiophores of this fungus 
have been found as (1) short branches 
of the mycelium bearing a single 
conidium, or (2) longer branches 
bearing conidia in oups of 2 to 10 
or more (pl. MM). The largest 
number of eA ~e in a single 

group was 15. Both kinds of branches 
arise from the mycelium in the manner 
shown for one of the longer branches, 
in the lower portion of Plate 2, M. 

All three of the spore forms men- 
tioned above were found on the surface 
of both pears and apples collected on 
the market. They also appeared on 
the surface of pears and apples inocu- 
lated in the laboratory, usually within 
six or eight days from the time of inoc- 
ulation. Favorable conditions for this 
external growth Seemed to be a moist 
atmosphere and a temperature of 20° 
to 25° C. or even slightly higher. A 
few oogonia were seen in mounts of 
diseased tissue from the inside of a 
number of fruits. 

Measurements of the various spore 
forms as found on diseased fruits can 
be summarized as follows: Oospores 
20 to 35 w in diameter, average 26.6 yu; 
conidia, length 30 to 53 wu, average 40.3 
uw; conidia, width 19 to 32 yw, average 
36.9 yw; sphaero-conidia, for the few 
that were seen, 26 to 38 u in diameter 
average 32.3 u. 

It will be seen that the conidia are 
slightly longer on the host than on 
culture media but that the other two 
spore forms average about the same 
size no matter where they are produced. 
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Antheridia are usually paragynous 
(pl. 2, C and D) but in old cultures on 
oatmeal paste a few have been found 
which were amphigynous (pl. 2, E, F, 
G, and H). Lafferty and ethybridge 
(6, p. 36) have already reported this 
condition for cultures of Phytophthora 
cactorum obtained by them from 
various sources, including one fur- 
nished by H. H. Whetzel and said by 
him to have been isolated from a 
decayed apple Gr n in his own garden 
in Ithaca, } Rose (10) has also 
reported it for a Phytophthora isolated 
from decaying strawberries and shown 
by him to be very similar to Phytoph- 
thora cactorum. The writers wish to 
call attention, however, to an unusual 
form with two amphigynous antheridia 
shown in Plate 2, H. As seen under 
the microscope, the antheridia lay in 
approximately the same plane. It 
was thought at first that there were 
two oogonia, one Jying over the other; 
but after repeated and vigorous tap- 
ping of the cover glass the object still 
remained as figured on Plate 2, one 
oogonium with two amphigynous an- 
theridia. 

The oogonium is apparently intercal- 
ary, but even so it is difficult to under- 
stand how it could have grown through 
two antheridia in the manner described 
by Pethybridge (9) for growth through 
one. In other words, the finding of 
the form here under discussion (pl. 2, 
H) raises the question whether for the 
apple and pear Phytophthora an- 
theridia in the amphigynous position 
have that position because the oogon- 
ium has grown through them. The 
writers have no other explanation of 
how antheridia may become amphi- 
gynous but will merely add that at no 
time during a rather extensive study 
of the apple and pear Phytophthora 
have they seen early stages of the 
growth of the oogonium through the 
antheridium. Antheridia in the am- 
phigynous position have been seen 
only in the final, fully developed 
stage and only in ‘old cultures or in 
the older portions of cultures that 
were a month to six weeks old. 

It should be added that an oogonium 
with two amphigynous antheridia has 


been seen only once. Attention is 
called, however, to Plate 2, D and E, 
which shows two oogonia, each with 
one amphigynous and one paragynous 
antheridium. One of these aggre- 
gates lay in an open space between two 
masses of mycelium and was made to 
assume different positions by pressure 
on the cover glass. Study of it in 
these positions showed that the struc- 
tures figured in Plate 2, D, were not 
merely in fortuitous juxtaposition but 
were actually parts of one whole. 
The other (pl. 2, E) lay in a matrix of 
agar and mycelium and was studied 
only in the position shown by the 
drawing. It would be possible of 
course for one antheridium to assume 
a position at the side of an oogonium 
after the latter had grown through 
another antheridium. he figures are 
included here merely on the chance 
that they may at some time help to 
cuplain the condition shown in Plate 2, 


DISCUSSION. 


The finding of Phytophthora rot 
on fruits on the Chicago market is a 
new record, so far as the pathological 
work is concerned which is carried on 
in connection with the Food Products 
Inspection Service. That is, the rot 
has not heretofore been seen in the 
course of this work, or, if seen, has 
not been recognized. The finding 
of the rot on pears and apples from 
Michigan and on apples from Washing- 
ton and Idaho is, so far as the writers 
are aware, a new record for each of 
those States, though not for the con- 
tinent of North America. Whetzel and 
Rosenbaum (15) reported Phytophthora 
cactorum from New York on Duchess 
apples in 1916, Hesler (14, p. 172) 
from New York on apples in 1918, 
Giissow (4) from Canada on pears in 
1919, Clinton (3, p. 454) from Con- 
necticut on pears in 1919 and on 
apples in 1920 (3, p. 406), and Gardnet 
(5, p. 58) from Indiana on apples in 
1921. Phytophthora cactorum is a well- 
known parasite of pears and apples in 
Europe (Wormald, (16), Osterwalder 
(8), Lafferty and Pethybridge (6) 








EXPLANATORY LEGEND FOR PLATE 2 


Spore forms and sporophore of the Phytophthor isolated from apples and pears. (A, B, C, 
D, E, F, G, H, L X 785. J, K,1,M X 369) 


fe B.—Conidia 
—Oogonium with paragynous antheridium 


D, E.—Oogonia, each with one paragynous and one amphigynous antheridium 
F, G.—Oogonia, each with one amphigynous antheridium 
Hy, Ss > with two amphigynous antheridia 


L.—Various forms of Sphaero-conidia 


M.~-Conidiophore with conidia attached. Lower portion of the figure shows manner of origin 


from the mycelium 





468 


Journal of Agricultural Research 





Vol. XXX, No. 5 








and other references cited below). 
The above account indicates that the 
rot of pears and apples caused by a 
Phytophthora is rather widely dis- 
tributed in the United States. It is 
granted of course that the apples 
from Washington and Idaho are not 


known positively to have become 
infected with Phytophthora in the 
State where they originated. Never- 


theless, in the absence of proof to 
the contrary, it is fair to assume that 
they did become infected there. 

It is noteworthy that during this 
investigation Phytophthora rot was 
found in one lot, the storage lot of 
Rome Beauty apples from Idaho, 
approximately four months after the 
usual time for harvesting the variety 
named. Most of those who have 
studied this disease have found it 
either in fruit in the orchard or in 
fruit which had been taken from 
the orchard only a few days before. 
(Bubak (2), Clinton (3), Giissow (4), 
Hesler (14), Marchal (7), Schoevers (12), 
Unamuno (13), Whetzel and Rosen- 
baum (15), and Wormald (16).) The 
apples in which Lafferty and Pethy- 
bridge (6) found the rot had been picked 
on October 14 and were sent to them on 
November 20. The authors make the 
statement (6, p. 29) that itis not known 
whether infection occurred prior to 
gathering or in storage. Osterwalder 
(8, p. 440) reports that he did not see 
the fungus at any time on stored apples. 
From the context the natural inference 
is that he is referring to the rot. 

What was thought to be Phytophthora 
cactorum was also reported in 1922 from 
Pennsylvania on growing apple fruits by 
Thurston (14). 


SUMMARY 


There has been found on the Chicago 
market in pears and apples from 
Michigan and in apples from Wash- 
ington and Idaho a rot from which a 
species of Phytophthora has _ been 
isolated. 

This Phytophthora when inoculated 
into healthy pears and apples _ re- 
produced the diseases and was easily 
recovered from the affected tissues. 

Evidence is presented which in- 
dicates that the Phytophthora isolated 
from pears and apples is similar to 
and probably identical with P. cacto- 


rum. 





The observations of Lafferty and 
Pethybridge (6) are confirmed, that 
the apple and pear Phytophthora 
produces “‘sphaero-conidia’’ and both 
paragynous and amphigynous anther- 
idia. 
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SOME PHYSICAL AND CHEMICAL PROPERTIES OF 
CAROTIN AND THE PREPARATION OF THE PURE 


PIGMENT! 


By F. M. Scuertz é 


Associate Biochemist in Soil Fertility Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 


INTRODUCTION 


In a previous paper (6)? certain 
colorimetric and _ spectrophotometric 
data have been given for carotin. By 
using the: graphs from these data the 
quantitative results presented herein 
have been obtained. The method of 
procedure for the preparation of the 
pure carotin used in obtaining the data 
for the graphs and the solubility deter- 
minations is given in detail in this 
paper. 

In connection with the solubility and 
with the quantitative determinations, 
it is. essential to know what effect the 
solvent has upon the stability of the 
pigment in solution. Consequently, 
the keeping qualities of solutions of 
carotin have been studied. 

Some idea of the practical applica- 
tion of the data contained in this paper 
and in the previous one may be ob- 
tained by a brief examination of Palm- 
er’s book on ‘“Carotinoids and Re- 
lated Pigments.” The data presented 
should be of especial value to those 
engaged in the manufacture and purifi- 
cation of vegetable oils, for the pig- 
ments present in the vegetable oils (4) 
are closely related in spectral transmis- 
sive properties to the carotinoids, and 
very likely they consist of carotin and 
xanthophyll. Parsons and Wilson (4) 
have shown in Plate 1, page 270, of 
their paper * the absorption curves for 
petroleum oils. These curves show 
very clearly that it is possible to grade 
the oils when the transmissivity of the 
oil in question is known. 


SOLUBILITY OF CAROTIN 


Absolute ether distilled over sodium, 
ethyl alcohol (99.7 to 100 per cent), and 
redistilled petroleum ether (benzin pe- 
troleum) which fractionates at 30° to 50° 


C., were the solvents used in the solu- 
bility tests. Impurities in the ether 
(1) affected the solubility of carotin so 
that it was necessary to allow the ether 
to stand over sodium for several days 
and then freshly distill just enough for 
use.* 

All of the solubility tests reported 
were made in a constant-temperature 
water bath which was kept at 25° C. 
The time the solutions remained in the 
bath and the amount of stirring varied 
somewhat, but it is stated for each set 
of determinations. 

Hither crystals of carotin freshly pre- 
pared, as will be described later in this 
paper, or those which had been kept in 
absolute alcohol in a sealed vial after 
filtering off and washing with low-boiling 
petroleum ether were used. They 
were dissolved in carbon disulphide or 
chloroform, and low-boiling petroleum 
ether was added to thissolution. Crys- 
tals were obtained from this solution by 
evaporating the solvents under reduced 
pressure. he crystals were collected 
on a hardened filter in a small Biichner 
funnel and quickly washed two or three 
times with small portions of low-boiling 
petroleum ether, after which they were 
dried for 15 to 30 minutes in a well- 
evacuated desiccator. The melting 
point was quickly taken and if found 
satisfactory (174°) a small portion of 
the crystals was placed in each of two 
carefully cleaned bottles, which were 
partially filled with their respective 
solvents—alcohol or petroleum ether— 
and placed in the water bath for three 
hours, during which time the bottles 
were frequently shaken. 

In most cases 10 ¢. c. of the saturated 
solution were withdrawn from the 
bottle which had been kept in the water 
bath. By carefully tying a filter paper 
on the end of a pipette, 10 c. c. of the 
saturated solution of carotin could be 


' Received for publication June 6, 1924; issued May, 1925. This paper is a report of an investigation 


on the four ehleroplast pigments. 


? Reference is made by number (italic) to ‘‘ Literature cited,’’ p. 474. 

§ Spectrophotometric methods would undoubtedly be far more accurate than the method which they 
describe, and in addition wou!d be simpler. The fact that all of the paraffin base oils (light and dark) have 
essentially the same light absorption curve makes the spectrophotometric methods even more useful in 


determining the grade of the oil. 


‘ The impurities probably were peroxides, which may be removed by distilling the ether over sodium. 
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withdrawn without removing any of the 
crystals. The saturated alcoholic solu- 
tion as a rule was made up to a volume 
of 50 c. c., or diluted 5 times; the satur- 
ated petroleum ether solution was 
diluted 100 or ,200 times, and the 
saturated ether solution was diluted 
1,000 times for the spectrophotometric 
determinations. In every case U.S. P. 
ether was used in making the dilutions, 
which were all made at room tempera- 
ture a few minutes before the spec- 
trophotometric readings were taken in 
a 2 em. cell. The scale on the spec- 
trophotometer was set so as to use the 
mercury line 435.8 my, in which position 
readings were made. 

The quantity of 
various solutions was determined at 
room temperature by means of a 
Kénig-Martens spectrophotometer in 
the manner described in a previous 
paper (6). 

Experiments 3, 4, 5, 6, 7, and 8 of 
Table I were made in a slightly different 
way than 1 and 2. In these cases the 
solubility tests were made in 30 c. c. 
bottles placed inside a fruit jar which 
was closed tightly so that no water 
might enter. The jar and its con- 
tents were then mechanically revolved 
in the water bath for the time specified. 

In experiments 6, 7, and 8 the caro- 
tin crystals used were taken from the 
same preparation of carotin, the other 
experiments being on different samples. 


pigment in the 


TaB.E I.—Solubility of carotin at 25° C. 
in absolute alcohol 


Experi- oe r sai 
ees 4:0 |mate time rans- arotin 
— Dilution in water ‘mittancy| per liter 
_ bath 

ala WEES 

Times Hours Mgm. 

1 5 3/ 0.2170 | 8.3 
2 5} 12 . 1700 | 9.6 
3 5 15 . 1920 | 9.0 
4 5 | 20 . 0673 | 14.8 
5 5] 20 . 0572 | 15. 6 
6 5 | 48 . 0718 | 14.3 
7 5 72 . 0371 18.0 
8 5 | 90. 0693 | 14.6 





It appears that after 20 hours satu- 
ration was reached in the alcohol solu- 
tion; and, by averaging all of the fig- 
ures for the solubility at 20 to 90 hours 
in the water bath, the solubility for 
carotin in absolute alcohol is 15.5 mgm. 
per liter at 25° C. 

By averaging the results for 48, 72, 
and 90 hours in Table II, it is found 
that about 626 mgm. of carotin dis- 
solved in one liter of petroleum ether 
at 25° 





TaBLeE I[I.—Solubility of carotin at 
265” C.in petroleum ether, B. P. 30° to 
50 


| Approxi- 


Experi- | mate Trane Saeeiill 
ment | Dilution} time in .T'®S-_ | Carotin 
No. water | mittancy per liter 
bath 
Times | Hours Mgm 
1 100 3 0. 0610 305 
2 100 | 15 0310 382 
3 100 20 . 0200 428 
4 200 20 . 0890 526 
5 200 4s . 0634 604 
6 200 72 . 0724 570 
7 200 90 0400 704 


_ The solubility in ether was obtained 
with difficulty, on account of the in- 
stability of carotin in ether solutions, 
as already mentioned. ? 
Table III shows the solubility of 
sarotin in specially purified ether. At 
30 hours the equilibrium seemingly has 
become established and the average 
results show that approximately 1,005 
mgm. of carotin are soluble in a liter 


of ether at 25° C. 
TaBLe III.—wSolubility of carotin at 
25° C. in absolute ether 


| Approxi- 


. | ate _ Carotin 
Sample | pijution | duet Prans- er 
No. water mittancy ther 
bath 
Times | Hours | Mgm. 
1 1, 000 | 30 0. 402 980 
2 1,000 46 a7 1, 050 
3 1,000 54 . 398 1,010 
4 1, 000 | 90 . 402 980 
' 


Boiling ether was found by Will- 
statter (8) to dissolve about 1.11 gm. 
of carotin per liter and low-boiling 
petroleum ether on a reflux condenser 
to dissolve 0.66 gm. per liter, while 
he observed that carotin was very 
difficultly soluble in absolute alcohol 


STABILITY OF CAROTIN IN SOLU- 


TION 


A small quantity of pure carotin 
was placed in each of three flasks; 
absolute alcohol was added to one, to 
another absolute ether (not freshly dis- 
tilled), and to the third petroleum 
ether (30° to 50°). The solvents used 
were of the same grade as those em- 
ployed in the solubility tests above, 
except that the ether was taken directly 
from the container in which it came. 
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These solutions were stored in the ice 
box and from time to time the trans- 
mittancy was determined spectropho- 
tometrically. Dilution was often found 
necessary, because the instrument is 
best adapted for use with carotin 
solutions of low concentration. 

In Table IV are presented results 
obtained with solutions of carotin in 
alcohol, in ether, and in petroleum 
ether, when kept for varying lengths 
of time. 


TABLE LV.—Spectrophotometric determi- 
nations showing the stability of carotin 
in alcohol, in ether, and in petroleum 
ether when stored in the ice box for 
varying lengths of time 





| | 


Num- | Trans- Dilu- | Caro- 


ber of | mit- Solution tion tin per 
days | tancy | liter 
| Times | Mgm. 

| {0.0403 | Absolute alcohol - X1 3. 64 

0 |< .1360 | Absolute ether_..| X20 43.60 

|| .0976 | Petroleumether..| X20. 50.80 

|{ .0424 | Absolute alcohol. x1 3. 58 

24 |, .0991 | Absolute ether ___. x4 10. 12 

{| .0149 | Petroleumether..| X10 46.00 

|{ .0386 | Absolute alcohol _| x1 3. 68 

38 |, .0557 | Absolute ether --_| x2 6. 32 

~1050 | Petroleum ether... X20 3949.00 

. 0408 | Absolute alcohol - X1 3. 63 

50 |4 .0513 | Absolute ether. _. xl 3. 24 

. 1047 | Petroleumether..| X20 49.00 

|{ .0420 | Absolute alcohol - x1 3. 60 

71 \{ .1510 | Absolute ether. x1 2. 05 

|| .0982 | Petroleumether..| X20 50.40 

. 0439 | Absolute alcohol. x1 3. 55 

111 |; .3420 | Absolute ether --- x1 1. 16 


|| .1020 | Petroleumether..; X20 50.00 

i Absolute alcohol. x1 3. 54 
143 |; .4610 | Absolute ether - -- xl . 83 
-0906 | Petroleumether... X20 52.40 


= 
= 





The results obtained in Table IV are 
graphically shown in Figure 1. Caro- 
tin apparently is just as stable in pe- 
troleum-ether solution as it is in alcohol 
solution. The rapid decline in the 
ether curve at once indicates that de- 
composition of the carotin in the ethe- 
real solution has been proceeding during 
the course of the experiment. The oxi- 
dation of the carotin may be due to 
the formation of peroxides (/) in the 
ether, as already pointed out. 

These facts are of importance to 
anyone who is interested in keeping 
carotin solutions for any purpose what- 
soever. The data for the alcohol so- 
lution show that it is possible to make 
up a standard solution of pure carotin 
in absolute alcohol and keep it for 
months, during which time it may be 
used for comparative work. The facts 
as observed are also of importance in 
connection with the method of deter- 
mining the amount of carotin in any 
substance—for example, in green leaves. 


In the method of separating the plant 
pigments, carotin is obtained in solu- 
tion in petroleum ether. This solution 
of carotin in petroleum ether may be 
stored in the ice chest for several days 
without fear of decomposition before 
making spectrophotometric, colorimet- 
ric, or comparison determinations of 
the amount of carotin which it con- 
tains. This is a decided convenience 
if a great number of determinations 
are to be made with a colorimeter, for 
such determinations can not be made 
at all on some days, nor at any time 
during the day, because of light condi- 
tions. 


SEPARATION AND PURIFICATION 
OF CAROTIN FROM CARROTS 


Carotin may be obtained from car- 
rots in the manner described below: 
After careful washing to remove any 
adhering dirt or foreign material, the 
carrots are sliced in a power slicer or 
by hand, using a vegetable slicer; the 
knives should be sharp, so as to injure 
the tissue as little as possible. The cut 
pieces should be about 4 mm. thick. 
The sliced carrots are placed on a 
large galvanized-iron wire tray and 
dried in an oven in which the tempera- 
ture is never allowed to exceed 50° C. 
Since destruction of a large percent- 
age of the carotin takes place during 
drying, the process should be carried 
on as rapidly as possible till the carrots 
are dry enough to grind in a power feed 
mill. The finely ground carrots will 
probably need to be dried further for 
several hours in a vacuum oven at less 
than 50° C. Grinding is rendered 
difficult if the material is not fully dry, 
as the presence of sugar in the carrots 
tends to clog the mill. After the final 
drying in the vacuum oven, the carrot 
meal is further ground in a ball mill 
(about 12 hours) till the greater part 
will pass a 40-mesh sieve. The finer 
it is ground, the more slowly the sol- 
vent will percolate and the higher will 
be the yield of the extracted pigment. 
The pulverized carrots (3 kgm.) are 
placed in a glass percolator (10 em. in 
diameter at the top and 60 em. long) 
provided with a layer of cotton in the 
bottom to prevent the fine red powder 
from going through, and the percolator 
is then attached to a large suction 
filter flask. Pure redistilled petroleum 
ether (B. P. 30° to 60° C.) is added and 
suction is applied till the solvent just 
begins to run through. More petro- 
leum ether is then added and allowed 
to percolate slowly overnight without 
using suction, when a large quantity of 
the colored extract will have passed 
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through into the flask. More petro- 
leum ether is added and reduced pres- 
sure is applied till all of the colored 
extract has been removed. About 7 
liters of petroleum ether are necessary 
to extract the 3 kgm. of dry powder 
which represent a little over 1 bushel 
of fresh carrots. From 1 bushel (50 
pounds) of carrots, 2,774 gm. of dry 


30 


which is never allowed to exceed 50° C. 
About half of the petroleum ether used 
may be recovered by careful distilla- 
tion. The concentrated petroleum 
ether solution is further concentrated 
under reduced pressure till most of 
the carotin has separated in the crytal- 
line form. During the last stages of 
concentrating a fine current of carbon 
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Fia. 1,—Stability of carotin in solution 


carrot powder ready for extraction are 
obtained. In all, an afternoon and 
the following morning are required to 
complete this extraction. 

The total red-brown percolate, from 
which crystals may be already separat- 
ing, is now concentrated on a steam- 
heated water bath, the temperature of 


dioxide which has been led through a 
calcium chloride drying tube and then 
into the flask through a capillary is 
advantageous, because it prevents 
frothing over, aids evaporation, and 
also keeps the solution under an inert 
gas. In addition, glass beads are 
added to prevent bumping. After 
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concentrating to about 250 ¢. ¢., a 
stronger suction is applied so as to 
evaporate the petroleum ether and 
cool the solution in order that more of 
the carotin will crystallize; during this 
evaporation the flask is removed from 
the water bath to cool the solution. 
Or, after concentrating to 250 ¢. ¢., the 
concentrated carotin solution may be 
placed in an ice chest. In two or three 
days most of the carotin will have 
crystallized from the solution. The 
crystals are then filtered off. 

After separating the gold, shimmer- 
ing mass from the mother liquor by fil- 
tration, the crystals are dissolved on the 
same filter in the least possible quan- 
tity of chloroform or carbon disulphide, 
from which they are precipitated by 
shaking vigorously with small portions 
(50 to 100 c. ¢. in all) of absolute al- 
cohol. Greatly reduced pressure may 
be used here, which will cause the 
chloroform or carbon disulphide to 
evaporate and cool the solution. Both 
the cooling and the evaporation of the 
solvent aid in crystal formation and 
cause a larger yield. After about one 
hour the crystals are filtered off either 
on a filter paper or a linen cloth; the 
flask in which the precipitation took 
place is rinsed with low-boiling petro- 
leum ether (25 to 50 ec. c.), and this is 
used to wash the crystals which are on 
the filter paper or cloth in the Biichner 
funnel. This washing will dissolve 
most of the remaining fats and waxes. 
The crystals are washed again with 
low-boiling petroleum ether and suc- 
tion is applied till they are free of this 
solvent. Willstitter washes here with 
a half-and-half mixture of alcohol and 
petroleum ether; this mixture has the 
advantage that it does not dissolve as 
much of the crystals and the disad- 
vantage that it does not dissolve the 
impurities as well as pure petroleum 
ether. 

To avoid the possibility of the caro- 
tin crystals containing alcohol of 
crystallization (7) they are recrystal- 
lized by dissolving in just enough 
chloroform or carbon disulphide to 
effect solution and then adding petro- 
leum ether (30° to 60°) and evaporating 
to about 25 cc. c. or less. The crystals 
are collected on a hardened filter paper 
and washed two or three times with 
10 to 15 ¢. ec. portions of low-boiling 
petroleum ether. Any traces of fats, 
waxes, or oils should be removed by 
this last precipitation and final wash- 
ing with petroleum ether. The pure 
pigment thus obtained is dried for 15 
to 30 minutes in a good vacuum desic- 
cator. The melting point is deter- 
mined and, if found satisfactory (174°), 
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the samples desired are rapidly 
weighed, placed in glass tubes filled 
with COs, sealed or dissolved for use, 
and the remaining crystals stored im- 
mediately, as described below. 

Carotin crystals in mass are col- 
ored dark copper-red. When viewed 
through the microscope they have an 
orange-red color (3). The color and 
crystal form are illustrated by Escher 
(2) and the crystal form by Willstitter 
and Stoll (8). Carotin nearly always 
crystallizes in plates or leaves which 
often are rhombic or quadratic, and 
rarely does it crystallize in needles. 
The form and the size of the crystals 
vary with the solvent, the amount 
of the impurities in the solution, the 
temperature, and the time allowed for 
crystallization. 

Very dilute solutions of carotin in 
alcohol, ether, or petroleum ether are 
yellow, more concentrated ones are 
deep orange, and very concentrated 
ones are deep red, except in the case of 
alcohol where the saturated solution is 
yellow. A weak solution of carbon 
disulphide is pink to red, whereas the 
more concentrated ones are red, dark 
red to almost black. 

Escher (2) has obtained 125 gm. 
from 5,000 kgm. or 1 gm., of carotin 
from 40 kgm., (equivalent to 0.56 
gms. per bushel) of fresh carrots, which 
is perhaps the best yield reported in 
the literature. On a small scale, 
Escher obtained from carrots which he 
himself dried, carotin at the rate of 
0.10 gm. per kgm. of fresh carrots 
(equivalent to 2.27 gm. per bushel). 
He determined colorimetrically that 
carrots contained as much as 0,023 per 
cent of their fresh weight as carotin, or 
approximately 5.22 gm. per bushel, 
whereas the same variety when dry 
contained 0.013 per cent (based on 
fresh weight) of carotin or 2.95 gm. 
per bushel. Hence, there was a loss 
of 43.5 per cent of the carotin during 
the drying process. 

In this investigation, 1 bushel (50 
pounds) of fresh carrots contains from 
1.68 to 3.46 gm. of coloring matter 
estimated colorimetrically as carotin. 
The same carrots when dried and 
ground in a ball mill ready for ex- 
traction contained respectively 1.41 to 
2.81 gm. of carotin (based on a bushel 
of fresh carrots). From the bushel of 
carrots which contained 2.81 gm. of 
carotin when dry, 1.13 gm. of pure 
carotin, crystallized from petroleum 
ether and having a melting point of 
174° C., were obtained. The loss in 
drying, 16.1 and 18.8 per cent, re- 
spectively, is probably explained by 
the manner of slicing the carrots. 
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Some fresh carrots were sliced and 
some were ground. Carotin decom- 
position was much greater in the 
ground carrots owing perhaps to the 
greater mechanical injury to the 
tissues in the grinding process, greater 
exposure of the material to oxygen, 
and slower drying. Incomplete ex- 
traction and losses in the crystalliza- 
tions are further responsible for the 
low yield obtained. 


SUMMARY 


(1) The solubility of carotin at 25° C. 
in absolute alcohol was found to be 15.5 
mgm. per liter; in petroleum ether (B. 
P. 30 to 50° C.), 626 mgm. per liter; 
in specially purified ethy! ether, 1,005 
mgm. per liter. 

(2) Solutions of carotin in absolute 
alcohol and petroleum ether were found 
to be extremely stable when kept in the 
ice box. An ether solution of carotin 
decomposed rapidly though stored in 
the ice box. The decomposition may 
have been caused by peroxides in the 
ether. 

(3) Crystals of carotin may be stored 
in alcohol or petroleum ether for some 
time with only slight oxidation even 
though the container is not sealed, and 
may be stored permanently in these 
solvents if sealed in ampules. 
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(4) The method for the preparation 
of pure carotin from carrots on a small 
scale is described. 

(5) A bushel of carrots (50 pounds) 
which contained 3.46 gm. of carotin 
colorimetrically when fresh, and 2.81 
gm. of carotin colorimetrically when 
pulverized for extraction, yielded 1.13 
gm. of pure carotin (M. P. 174°). 
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THE LIFE HISTORY OF THE TEXAS ROOT ROT FUNGUS, 
OZONIUM OMNIVORUM SHEAR! 


By C. L. 


SHEAR 


Senior Pathologist, Bureau of Plant Industry, United States Department of 
Agriculture 


The fungus now generally accepted 
as the cause of root rot of cotton and 
a large number of other cultivated and 
wild plants in Texas and other parts of 
the Southwest as far as southern Cali- 
fornia was first described by Pammel ? 
and tentatively referred to Ozoniuwm 
auricomum Link. This fungus seems 
to be a native of the southwestern 
United States and is most common in 
the so-called ‘‘black waxy soils’’ of 
Texas; but it seems to be becoming 
more widespread and more serious in 
southwestern Arizona in recent years 
with the increased growing of alfalfa 
and cotton there. 

Investigations of this fungus made 
by the writer in the period 1902 to 1907 
and the comparison of it with Link’s 
type of O. auricomum in Berlin indi- 
cated that the organism was quite 
different from Link’s species, and as 
no description which seemed to apply 
to it could be found in the literature 
it was described and named Ozonium 
omnivorum Shear.® 

At that time the fungus was known 
only as a sterile mycelium. Circum- 
stantial evidence, however, based upon 
the occurrence of a conidial fungus pro- 
ducing spores in great’ abundance on 
the surface of the soil in portions of 
cotton fields where the plants had been 
killed by the fungus, suggested that 
this might be a sporogenous form of the 
Ozonium. 

Duggar,! in 1916, reported the pres- 
ence of conidia-bearing hyphae on the 
characteristic mycelium of the Ozonium 
found on the roots of affected plants, 
and also the identity in artificial 
culture of the mycelium obtained from 
diseased roots with that obtained from 
cultures Of these conidia. 

The conidial condition of the fungus 
(fig. n studied by Dugger v was referred 


to the genus Phymatotrichum of the 
Hyphomycetes and the new combina- 
tion Phymatotrichum omnivorum (Shear) 
Duggar proposed. 

Taubenhaus and Killough® state 
that the senior author has confirmed 
Duggar’s work by producing conidia of 
the Ozonium in pure culture on 
sterilized soil in the laboratory. Only 
one out of six cultures, however, 
produced conidia. As _ this spore 
form belongs to the so-called imperfect 
fungi which are believed to be merely 
conidial conditions of the higher 
forms, it was natural to suppose that a 
perfect stage of the fungus might 
still occur, though perhaps rarely. 

In hope of determining the complete 
life history of the fungus, numerous 
cultures were made on different media 
and kept under various conditions for 
long periods, but they always remained 
sterile. Careful observation and search 
in diseased areas on cotton roots and 
stems which had been killed by the 
fungus were made at different seasons, 
especially in the winter, spring, and 
early summer. Numerous fungi were, 
of course, found but none could be 
proved to belong to the root-rot fungus. 
In August, 1903, however, the writer 
found what he believes to be the 
perfect stage of this Ozonium, although 
the evidence at present is circum- 
stantial. In a cotton field near Paris, 
Tex., there was a so-called ‘‘dead spot’ 
of cotton in which the plants had all 
been killed by this fungus, and im- 
mediately adjoining this spot was a 
hedge of osage orange (Maclura auran- 
tiaca Nutt.). In the margin of this 
diseased area, not far from the dead 
and dying cotton plants, was a small 
sprout of the osage orange about 1 foot 
high which showed the characteristic 
wilt produced by the Ozonium. An 


1 Receiv ed pen publication June 27, 1924; ya ary May, 1925. 
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examination of the wilting plant showed 
that the typical mycelial strands of 
yellowish hyphae of Ozonium extended 
from the soil up the stem several inches 
and there began to change into a subic- 
ulum which surrounded the stem and 
formed a hymenium with the typical 
spines of a species of Hydnum, as illus- 
trated in the accompanying plate (pl. 1). 
The organic connection between the 
typical Ozonium hyphae and those of 
the Hydnum appeared to be unques- 
tionable. 

In order to complete the proof of the 
genetic relationship of the two forms, 
efforts were made to grow the fungus 
from the Hydnum. Unfortunately, 
however, all of our efforts in this 
direction failed. 
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mycelium has a general similarity to 
the various sterile mycelia described by 
Persoon under the generic name Fibril- 
laria, some of which are known to 
belong to hymenomycetous fungi. 

Being unable to find named speci- 
mens or a description to apply to this 
Hydnum, a description and illustration 
are given which it is hoped will make 
it possible for mycologists and patholo- 
gists who may encounter the fungus to 
recognize it. 


Hydnum omnivorum n. sp. 

Subiculum effuse, thin, readily sep- 
arating from the substratum, subgelat- 
inous, pale yellow, margin floccose, 


fibrillose-fimbriate, white; spines slen- 
der, 


acute, somewhat crowded, 2-3 





Fic. 1.—Phymatotrichum omnivorum: Conidial stage of the fungus, showing mode of conidial production 
(after Duggar) 


Conidial forms similar to the Phyma- 
totrichum stage of this fungus are 
known to occur among the Hymeno- 
mycetes and there is nothing in this life 
history which conflicts with our present 
knowledge of the subject. 


The Hymenomycete, Tomentella 


granulata, according to Brefeld® has a 
conidal form very similar to that of 
Ozonium 


Ozonium omnivorum. The 





6 BREFELD, O. BASIDIOMYCETEN III. 


Gesammtgebiete der Mykologie, Heft 8.) 


p. 11-12, tab. 1, fig. 16. 


mm. long, orange-buff to light orange- 
yellow (Ridgway). No spores found. 

Conidial stage (Phymatotrichum om- 
nivorum). Hyphae forming a loose 


layer on the surface of the soil in areas 
where the root rot has killed the plants; 
fertile hyphae arising irregularly from 
the mycelium, simple or forked; conidia 
numerous, sessile, borne on the irregu- 
swollen 


larly clavate or subglobose 







1889. (In his Untersuchungen aus dem 





EXPLANATORY 


A.—Hyndum omnivorum. 


LEGEND FOR PLATE 


Life history of Ozonium omnivorum Shear 
( Natural size on wilting Maclura 
B.—Portion of the fungus, with spines enlarged 20 diam. 
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Life History of Ozonium omnivorum Shear PLATE 1 
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short terminal or lateral branches of 
the hyphae or on the sides of the undif- 
ferentiated hyphae, pale ochraceous to 
gray in mass, appearing nearly colorless 
when separate, globose to ovoid 4 to 
6X5 to 8 u, smooth. 

Sterile mycelial stage (Ozonium 
omnivorum) mycelium thin, floccose to 
arachnoid, forming thin branching 
strands, the dirty ochraceous branches 





This plant has something of the gen- 
eral appearance of some of the yellow 
resupinate species of Hydnum which 
have been described, but appears to be 
distinct, especially in its parasitic habit 
and apparent restriction to the south- 
western United States and Mexico, the 
only region where this root rot is known. 
The perfect stage probably occurs as a 
saprophyte also, as specimens very sim- 


Fic. 2.—Hydnum omnivorum: Ozonium stage, showing characteristic modes of branching of the terminal. 


hyphae. 


arising from these strands are thin, 
somewhat rigid and branch at right- 
angles from somewhat swollen nodes, 
2 to 4 branches from a node, usually 
long, thin, tapering and acute (fig. 2). 

Type No. 5267 C. L. 8S. on wilting 
Maclura aurantiaca near Paris, Tex., 
September, 1903. In herbarium path- 
ological collections, Bureau of Plant 
Industry, U. 8. Department of Agri- 
culture. 


~ 22 


ilar, if not identical, have been found 
on old over-wintered cotton stalks 
killed by the root rot. 

Unfortunately the character of the 
basidiospores can not be given, as none 
could be found on the specimen de- 
scribed. The enlarged spines in the 
plate had the tips broken off in most 
instances. When whole they are acute, 
as indicated in a few cases. The color 
in fresh specimens is brighter than in 
the dried, as it fades in drying. 





THE DISTRIBUTION OF THE ALFALFA WEEVIL (PHY- 
Eecaar POSTICUS GYLL. A STUDY IN PHYSICAL 
E GY! 


By WituraM C. Cook, 
Assistant Entomologist, Montana Agricultural Experiment Station 


INTRODUCTION 


The alfalfa weevil (Phytonomus pos- 
ticus Gyllander) is a recently intro- 
duced insect which is doing a large 
amount of damage in the Great Basin 
region. It was first noted near Salt 
Lake City, Utah, in 1904, and has 
spread until up to the present time it 
has been captured in Oregon, Idaho, 
Wyoming, Colorado, Nevada, and 
California, as well as in Utah. In 
many parts of its present range it is 
capable of doing an immense amount 
of damage, at times almost completely 
destroying the alfalfa crop. Although 
the area now occupied by the insect is a 
small portion of the total area devoted 
to alfalfa growing in the United States, 
the insect is regarded with alarm by all 
of the neighboring States, which have 
enacted quarantine laws against al- 
falfa in an effort to retard the further 
dispersion of the weevil. 

At the present time the insect is 
rapidly spreading into new territory, 
and it would be a matter of great in- 
terest and value to determine, with 
some degree of accuracy, the probably 
final limits of its distribution in Amer- 
ica. This paper is an attempt to de- 
termine, from the climatic limitations 
found in Europe and Asia, the probable 
economic distribution of the alfalfa 
weevil in America. The study will be 
presented in three parts: (1) A com- 
pilation of all known information con- 
cerning the effects of climatic factors 
on the life history and abundance of 
this species in America; (2) a study of 
its distribution in Eurasia, to deter- 
mine the optimum and limiting cli- 
matic conditions; and, (3) the applica- 
tion of this information to a study of 
climatic conditions in America, to lo- 
cate the regions of optimum and limit- 
ing conditions, and to outline the dis- 
tribution. 


CLIMATIC ECOLOGY OF PHYTONO- 
MUS POSTICUS IN AMERICA 


The data which are quoted in this 
portion of the peper have been taken 


from various papers on the alfalfa wee- 
vil, and the material has been quoted 
in full in each case, following the au- 
thority, which is placed in parentheses. 


OvTLINE oF Lire History 


The alfalfa weevil winters in Utah 
as an adult in trash and weeds in fields. 
Early in the spring the adults emerge 
from hibernation and fly about actively, 
seeking a place for oviposition. This 
is known as the spring flight and occurs 
in April and early May. Oviposition 
continues into June, reaching a maxi- 
mum late in May. The majority of 
the larvae are found feeding on the al- 
falfa leaves in early June in Utah. 
They pupate in June, and the adults 
emerge in early July to feed and fly 
around for a month or so (summer 
flight), after which they appear to be- 
come much less active, finally hibernat- 
ing in the fall. There is only one com- 
plete generation per annum. In Utah 
there is sometimes a partial second 
generation, but the larvae do not sur- 
vive the winter. The larvae strip the 
leaves from the first crop of alfalfa, 
and after that is cut they keep down 
the sprouts of the second crop until 
late in June, so that this crop is greatly 
reduced, and the third crop is so late 
as to be of little value. 


Direct RELATIONS OF CLIMATIC Fac- 
TORS TO THE Lire History 


TEMPERATURE 


Reeves et al. (9, p. 91)? state: 
“There is no definite hibernation in 
this species. The adults are quiet 
when it is cold and active when it is 
warm. . 


Titus (14, p. 108), says: ‘The time. 


of entering hibernation varies greatly 
in different years and in different local- 
ities. If the summer is long, with 
warm, sunshiny weather throughout 
the latter part of the season, the 
weevils enter hibernation late and 
many of them perish before the summer 
ends. = the other hand, if the late 


' Received for publication June 11, 1924; 5 tenes May, 192 
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summer is rather cool and cloudy, they 
will go into hibernation earlier, and 
apparently more of them pass through 
the winter successfully. In the higher 
mountain valleys the weevils become 
adult later in the summer and enter 
into hibernation earlier.” 

Apparently the rate of oviposition is 
closely related to temperature. Parks 
(7) has published detailed information 
upon the relation of temperature to 
oviposition, and it is evident from his 
chart (7, p. 420) that there is very 
little oviposition until the mean daily 
temperature reaches about 50° F. 
Titus (14, p. 113) makes the following 
statement, which is substantiated by 
Parks: 

“The length of the egg-laying period 
each year naturally has a decided effect 
on the length o: time that appreciable 
injury will occur to the crop for that 
year. Warm, dry, spring weather 
appears to be conducive to rapid egg 
laying, and thus many more larvae are 
feeding on the alfalfa at any one time 
than when the egg-laying period is 
extended over several months. Under 
these conditions more larvae come to 
maturity and the damage to the crop 
is more severe, since so many worms 
are present that there is little chance 
for the plant to recuperate. On the 
other hand, a slow cold spring and 
summer means that egg laying will con- 
tinue for many weeks, and though 
probably as many larvae actually feed 
throughout the season, the damage to 
the crop harvested is not so great, the 
plant continually having opportunity 
to develop new buds and leaves. This 
readily explains the apparent decrease 
in injury in infested regions in- 1912 as 
compared with the loss in 1911 in the 
same sections of the State.” 

The following table shows conditions 
in the spring months at Salt Lake City 
in 1911 and 1912: 





Total 
precipita- 
tion 


Mean 
tempera- 
ture 
Month 
— 


| 1911 | 1912 | 1911 | 1912 
| | 


°F. | °F. |Inches\ Inches 
| 44. 4 | 40.0} 2.04 3. 48 
47.9 | 46.8 | 1.65 2. 34 
5 55.8 | 1.84 1.75 








Means and totals. -| 49.8 | 47.5 | 5.53 | 7.57 





These figures, which substantiate the 
above statement so far as climatic con- 
ditions are concerned, are taken from 
the Annual Meteorological Summary 
(16) for Salt Lake City for 1921. 
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The following notes regarding the 
influence of altitude upon damage are 
of particular interest when considering 
temperature. 

Ball (1, p. 144): “As it passes out of 
the warm sections, around Utah and 
Salt *Lake Valleys, its damage has 
become less and less until, in quite a 
number of districts, it is pretty hard to 
convince the farmers that they have it 
at all.” 

Titus (15, pp. 133-134): “In no 
place in Idaho is it known to be doing 
damage. Weevils are so few in most 
places that you have to search for 
them.” 

This statement was made in 1916, 


.when the weevil was confined to the 


higher parts of southeastern Idaho. 

Reeves et al. (9, p. 88): “. There 
is hope also that the pest will not prove 
equally injurious under all circum- 
stances. It is much less harmful in 
Europe than in America, owing appa- 
rently to climatic and industrial con- 
ditions, and it multiplies more slowly 
and does less damage in the higher 
altitudes in Utah and Wyoming than 
in the lower valleys.” 

In considering the migrations of the 
adult beetles, the statements below may 
be quoted. 


Reeves et al (9) p. 87): ‘There is no 
evidence that the weevils ever fly for 
the purpose of seeking fields of alfalfa, 
either new or previously infested, or to 
find hibernation quarters. The most 
plausible theory is that their flight is 
caused by a rise in temperature, as are 
many activities of the lower animals. 
So far as can be learned, this flight is at 
random. It takes some of the weevils 
into new fields.” And, again (9, pp. 
92-93): “The heat of the soil is also 
probably an important cause of that in- 
crease in the activity of the adults, 
called the summer flight, which is 
greatest during the dry, hot weather be- 
ginning in June and ending in August. 
This flight accounts for the presence of 
many adults in grassy places and or- 
chards, where they alight and find pro- 
tection from the heat ... The summer 
flight is not a general movement of the 
weevils from the fields to seek more 
suitable hibernation places elsewhere. 
There is no such movement, and vir- 
tually all of the weevils spend the win- 
ter in the fields.” 


Very little was found regarding the 
The re- 
mark of Reeves (9, p. 91), quoted be- 
low, is of importance: ‘‘ Many weevils 
die in the fields during zero weather, but 
milder temperatures seem to have little 
effect upon them.” 
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One of the first successful control 
measures was based upon the maximum 
fataltemperature. In connection with a 
discussion of harrowing after removing 
the first crop Reeves (8, p. 128) states: 
Under such circumstances the 
insects can be destroyed and the crop 
protected by taking advantage of the 
fact that a temperature of 120° F. is 
fatal to the insects. This temperature 
is best produced by covering the sur- 
face of the field with something ap- 
proaching a dust mulch, unshaded by 
clods and vegetation. On a bright, 
warm day such a surface is heated by 
the sun enough to kill all stages of the 
weevil, and the dust kills many of those 
which escape the heat.” 
The very high temperature obtained 
at the soil surface in direct sunlight has 
rarely been utilized to control insects. 


HUMIDITY 


In addition to those passages quoted 
above, in which reference is made to 
humidity in connection with tempera- 
ture, there are a few places in which 
humidity seems to be more important 
than temperature. 

Titus (12, p. 49) says: ‘‘ During the 
period when they are going into hiber- 
nation they are quite susceptible to 
climatic conditions; even the passing 
of the sun behind a cloud will drive 
them to shelter, and a cold rain follow- 
ing a very hot day will so chill those that 
have not been able to get into proper 
shelter that many will not survive the 
night.” 


InpirREcT INFLUENCES OF CLIMATIC 
Factors 


The parasites of the alfalfa weevil 
are of two kinds—insect parasites and 
fungi. The parasitic insects which have 
proven of importance in the control of 
Phytonomus posticus have been secured 
from Italy, a region of nearly optimum 
conditions for the weevil. On the other 
hand, fungi have been of importance 
in the Old World near the distribu- 
tional limits. No information of value 
has been published regarding the cli- 
matic relations of insect parasites, but 
there are several statements concerning 
the fungi. 

There are two entomophagous fungi 
reported as attacking the weevil. One 
of these, Empusa sphaerosperma, is an 
important enemy of a closely related 
species, the clover leaf-weevil (Hypera 
punctata), in the eastern United States 
and has killed as high as 44 per cent of 
the mature larvae of Phytonomus posti- 
cus at Salt LakeCity. (18, p. 41.) Web- 
ster reports a mortality of about one- 
fifth on June 13, 1911, at Salt Lake City. 


The meteorological records show that 
the spring of 1911 at that place was 
nearly normal (see table on p. 480), 
which proves that this fungus is capable 
of destroying large numbers of the 
weevils under average Utah conditions 
and may prove of great importance 
near the limits of the range, where the 
spring conditions are cooler and wetter. 
A second species (Sporotrichum globulif- 
erum) has been reported by Rockwood 
(10, p. 499) to be working on the adult 
beetles in Utah. Some of his conclu- 
sions are quoted below: 

“The entomogenous fungus Sporo- 
trichum globuliferum Speg. develops 
spontaneously as an infectious disease 
ofthe alfalfa weevil, Hypera variabilis 
(posticus), on the bench lands of the 
Salt Lake Valley in the early spring. 
Infection experiments show the weevil 
to be very susceptible to fungus infec- 
tion at this season, a complete mortality 
from the fungus being secured in breed- 
ing cages in usually two weeks time. 
The ground-frequenting habits of the 
alfalfa weevil at this season render it 
particularly liable to infection from 
contact with fungus-covered insects. 

“The new generation of weevils is 
less susceptible to the fungus during 
the periods of aestivation and hiberna- 
tion in the summer and fall. Moreover, 
favorable conditions for the growth and 
spread of the fungus are unlikely to 
occur in Utah at this time. 

“The period of greatest mortality 
from the fungous disease, coinciding 
as it does with a period of great poten- 
tial injury from the pest, namely, the 
oviposition period, makes the fungus 
worthy of record asa natural enemy of 
the alfalfa weevil.” 

Some further remarks by Rockwood 
(10, p. 4938-494) on the relations of 
climate to the abundance of Sporo- 
trichum are relevant: “The fungus 
Sporotrichum globuliferum Speg. was 
first found on the alfalfa weevil near 
Salt Lake City, Utah, on March 14, 
1914. It was frequently met with and 
could easily be found on weevils and 
other insects under alfalfa plants from 
that time until May. This was a time 
of considerable precipitation and the 
ground in alfalfa fields was moist to 
wet most of the time. The time of 
greatest abundance of the fungus was 
April 21 to 29. At this time at least 
one weevil killed by the fungus could 
be found under almost every plant 
examined ...... In the early spring, 
the optimum conditions for the growth 
of the fungus are likely to be found in 
all the alfalfa fields on the East Bench 
of old Lake Bonneville regardless of the 
irrigation practice. 
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“Later in the season when the 
spring rains have ceased, the fungus 
seems to be restricted to fields which 
are generously irrigated and have a 
heavy, close stand of alfalfa. One 
such field was examined on July 29 and 
28 weevils with a pure growth of 
Sporotrichum were picked up in a 
short time. Such mortality at this 
late date is of slight importance, how- 
ever, as this is the time when the over- 
wintered adults are dying off naturally. 
Yet it is worthy of note that this field 
for which a generous water supply was 
available and which was_ therefore 
lavishly irrigated has never been seri- 
ously injured by the weevil, at least 
so the rancher informed me, and I Was 
inclined to believe him, as it was cer- 
tainly unusual for a Utah farmer to 
deny injury from the weevil . . 

The above statements give a basis 
for determining the optimum condi- 
tions for fungous growth on the alfalfa 
weevil at Salt Lake City. The normal 
temperature for April is 50° F., and the 
normal April rainfall about 2 inches. 
So far as the production of a favorable 
humidity is concerned, this would be 
roughly equivalent to a monthly rain- 
fall of 2% inches at 60° F., or of 3 
inches at 70° F. (2, p. 65). On this 
assumption, we can _ estimate the 
climatic suitability of any region for 
fungous growth by studying its ap- 
proach to this curve, and we can tell 
whether or not the fungus Sporo- 
trichum globuliferum will be an economic 
factor. This point is used frequently in 
studing the distribution of the alfalfa 
weevil in America. 


SuMMARY oF CiImMatic RELATIONS OF 
PHyToNoMus Posticus IN AMERICA 


The following points of importance 
in this study have been found in this 
survey of American literature: 

The limiting temperatures are about 
0° F. and 120° F. 

Warm, dry spring weather is essential 


for the rapid multiplication of the 
weevil. Such weather shortens the 
season of oviposition and produces a 
maximum number of larvae working 
simultaneously. 

The damage decreases with an in- 
crease in altitude. An increase in 
altitude in this region is equivalent to a 
shortening of the growing season plus 
an increase in precipitation. 

Cold, damp spring weather 'ike that 
of Montana, as opposed to the hot, 
dry spring weather of the Great Basin, 
not only retards the rate of develop- 
ment of the weevil itself, but is favor- 
able to the increase of fungous enemies, 
which aid in checking the damage. 


THE CLIMATIC ECOLOGY OF 
PHYTONOMUS POSTICUS IN THE 
OLD WORLD 


The Old World distribution of the 
alfalfa weevil is given by Titus (13) as 
all of Europe, southern Siberia, Turk- 
estan, Asia Minor, Persia, Arabia, 
north coast of Africa, Madeira, and 
Canary Islands. He _ records  out- 
breaks of this or some very closely 
related species in southern France, 
Italy, and southern Russia. 

This is a very general statement from 
which to develop the climatic relations 
of this insect, so the writer has used a 
second method of determining the eco- 
nomic distribution. A search was in- 


- stituted through two abstracting peri- 


odicals, the Review of Applied Ento- 
mology, Series A, and the International 
Review of the Science and Practice 
of Agriculture. The material is pre- 
sented below in three categories. 
“Mention” indicates a mere mention 
of the insect in a general list of pests, 
with nothing to show that any damage 
was done by it. ‘‘ Minor pest’’ indi- 
cates that some slight damage was done 
in the year indicated. ‘Major pest” 
indicates a serious outbreak, recorded 
in one or several extended articles. 
Many of the articles recorded below are 
not important in the further study of 
the weevil, so the original sources are 
not quoted. 


Economic DistRIBUTION oF P. 


Posticus 


MAJOR PEST: 

Southern France—1914. Controlled to some 
extent by a fungus, Entomophthora sphaero- 
sperma. 

Italy —No recent references. Titus (18) gives 
the following dates of outbreaks: 1884, 1890, 
1909, 1910, 1911 

Turkestan.—1913. In connection with a paper 
on the utility of the Wagtail, an insectivorous 
bird, the alfalfa weevil is noted as a very 
serious pest. It does a large amount of dam- 
age, there being no natural control for it ex- 
cept birds. 

—r—. 1914. Listed as a major pest in the 
valley of Isfara (Ferghana) this year. 

MINOR PEST: 

Sweden.—1912. 

Denmark.—1916. Districts of Lolland-Forster 
and Naestvod, controlled by fungus. 

Germany .—1922. 

Southern Russia —Governments of Kiev, Mos- 
cow, and Kherson. No dates given. 

Transcaucasia.— Districts of Tiflis and Erivan. 
Was a pest in these regions in 1916-17. 

MENTION: 

Denmark.—1918, 1919, 1920. 

Russia.—Moscow. No dates given. 

Astrachan.—Mentioned in a list of pests of 
alfalfa. 


Reeves (8, p. 130) makes the follow- 
ing statement, which explains the 
scarcity of serious outbreaks in Italy. 

. “There is a possibility that in a 
different climate from that of Utah 











OF 
, THE 


of the 
(13) as 
Turk- 
\rabia, 
4, and 

out- 
closely 
‘rance, 


t from 
lations 
used a 
1e eco- 
yas in- 
x peri- 
Ento- 
itional 
ractice 
s pre- 
gories. 
ention 
pests, 
amage 
’ indi- 
s done 
pest”’ 
-orded 
ticles. 
yw are 
idy of 
es are 


r: 


Oo some 
sphaero- 


8) gives 
44, 1890, 
& paper 
tivorous 
a very 
of dam- 
or it ex- 


in the 


-Forster 


v, Mos- 


Erivan. 


rests of 


ollow- 
; the 
Italy. 
t ina 

Utah 








Mar. 1, 1925 


Distribution of the Alfalfa Weevil 483 





the weevils would not be forced into 
inactivity by the heat of summer, the 
generations would be more or less 
spread out, and the feeding would con- 
tinue through a larger portion of the 
year but be less concentrated and 
therefore less destructive. . . . Mr. 
H. S. Smith, who studied the insect in 
Italy, was of the opinion that that was 
one of the principal factors in producing 
the condition in Italy along the sea- 
coast, where the weevil is always 
present in considerable numbers, but 
is of no consequence as a pest. Its 
feeding is distributed through many 
months instead of a few weeks.”’ 

Summarizing the above information: 
The alfalfa weevil is at times a major 
pest in southern France, Italy, and 
Turkestan; a minor pest in Germany, 
Sweden, Denmark, southern Russia, 
and Transcaucasia. If that gives an 
approximate picture of the economic 
distribution of this species, the climatic 
optima are found in the Mediterranean 
region and Turkestan and the limiting 
conditions farther north, in Germany, 
Sweden, Denmark, and southern Russia, 
with a limiting condition of a similar 
nature in Transcaucasia. 


Cuimatic CONDITIONS 


The writer has spent considerable 
time collecting and comparing the 
climatic data for the various regions 
listed above, and is greatly indebted to 
C. F. Talman, librarian of the United 
States Weather Bureau at Washington, 
for securing data and for other services 
in this connection. The basic data 
have been taken from Hann (3) and 
Kendrew (4), and it is impracticable to 
cite specific references for each quota- 
tion. The climatic data have been 
very carefully studied, and no attempt 
is made to give those for any given 
station in full, such a citation being 
replaced by a summary of the import- 
ant conditions of a general region as 
shown by a study of several stations. 


Optimum ConDITIONS 


MEDITERRANEAN REGION.—The 
general character of the annual cycle 
of temperature and precipitation is 
well shown in the climograph for 
Marseilles, France (fig. 1). The climo- 
graph of Ball is a graph on which 
monthly means of temperature are 
plotted against monthly totals of pre- 
cipitation. The points are joined in 
chronological order, so that a picture 
of the annual cycle of temperature and 
rainfall is obtained. All the stations 
studied in southern France and Italy 


have essentially similar climates, so 
that the region may be treated as a 
unit. The important factors in this 
study are (1) the warm, wet winters, no 
month having a mean temperature 
below freezing, and (2) the hot, dry 
summers, seven to nine months being 
above 50° F. and five to six months 
above 60° F. in mean temperature. 
The spring from April to July is 
increasingly dry, March and April 
being the only months favorable for 
fungous growth. The precipitation of 
the three summer months—June, July, 
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and August—ranges from 24% to 4 
inches for the period, averaging very 
close to 3 inches. The mean relative 
humidity in summer ranges from 50 to 
65 per cent, and all times of the year 
are very sunny, most of the winter rain- 
fall coming in heavy showers, followed 
by bright sunshine. : 
TurKEsTAN.—The attacks of the 
weevil in this region have been most 
severe in the Valley of Ferghana. 
This is an irrigated valley in the 
mountains of the southern part of 
the province, which has climatic con- 
ditions very comparable to those of 
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the Salt Lake Valley in Utah, and for 
that reason a study of its climate is of 
considerable interest. 

At the station of Tashkent (fig. 2) 
a mean annual temperature of 56° F 
is found, with five months above 60° 
F. and seven months above 50° F. 
The mean annual maximum is 103° F. 
and the mean annual minimum —4° 
F., the absolute minimum for 30 years 
being —19° F. The rainfall comes 
largely in early spring, March and 
April being the wettest months, with 
conditions very favorable for fungous 








growths. The spring is increasingly 
90° T 
| casMKENT 
“ony 7 TURKESTAN 
Q4ULY 























7O° 
60° 
APR. 
y 
N i 
N 50° 
x MAR. 
N NOK 
N F#O° 
N DEC. 
FEB. | 
70" O- 
SAN. 
2o”" 
MEAN (ANNUAL TEMP $6. 















ANNUAL RAINFALL 14-6" 















Qo 





7" >" ria Po 
RAINFALL 


Fic. 2.—Climograph for Tashkent, West Turkestan 


dry until July, and the total rainfall 
for the summer months is only 1 inch. 
To judge from the summer tempera- 
tures, the frostless season must be well 
over 150 days. The relative humidity 
is 63 per cent for the annual mean and 
48 per cent in July. There is sufficient 
winter precipitation to provide a snow 
cover at the times of subzero tem- 
peratures. 


LIMITING CONDITIONS 


SCANDINAVIAN COUNTRIES.—Copen- 
hagen, Denmark (fig. 3), has been 












chosen as typical of conditions in this 
general region. The climate is mari- 
time, with fairly evenly distributed 
rainfall. The spring is the driest part 
of the year, with the rainfall gradually 
increasing to a maximum in July, 
when conditions become favorable for 
fungous growth on. the alfalfa weevil. 
The summer, like the spring, is cool, 
so that feeding by the weevil must be 
scattered over a long time. A refer- 
ence in the Review of Applied Ento- 
mology notes larval feeding in July (6). 
This would indicate that growth is 
retarded. Fungous enemies are also 
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noted. Thus the limiting conditions 
in this region are cool summers and 
too abundant moisture. 

SouTHerRN Rvussia.—Of the three 
governments listed in the table, that 
of Moscow is farthest north and should 
furnish a better index of limiting con- 
ditions than either of the others. The 
data from several stations in Kiev and 
Kherson indicate that heavy spring 
rainfall is the limiting factor. The 
climograph for Moscow (fig. 4) shows 
a climate quite similar to that of our 
western plains, although the winter 
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minimum of rainfall is not so strongly 
marked. The limiting factors appear 
to be summer rainfall, which averages 
about 7.6 inches, and winter tempera- 
tures. The mean annual minimum 
temperature is —23° F., and the five 
winter months average below the freez- 
ing point. . The growing season is about 
165 days. The spring is slow, so that 
feeding is distributed over a long 
period. 

ASTRACHAN.—The climograph for 
Astrachan is shown in Figure 5. The 
climate is warmer than that of Moscow, 
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Fic. 4.—Climograph for Moscow, Russia 


and the rainfall at all times is very 
light, so that the limiting factor in this 
case must be winter temperature. 
The mean annual minimum is —13° F., 
and what little snowfall there is must 
be swept away by the winds, so that 
the weevils are kept down by the cold 
winters. Spring and summer con- 
ditions of temperature and _ precipi- 
tation are close to the optimum, being 
warm and dry. 

TRANscAUCcASIA.—This is a mountain 
region of extremely varied climate. 
Data are available from the two stations 


of Tiflis and Erivan, and their climo- 
graphs are reproduced in Figures 6 
and 7. Tiflis has warmer winters than 
Erivan, but Erivan has drier summers. 
The limiting condition at Tiflis is appar- 
ently the precipitation in the spring 
months, May, especially, being favor- 
able to fungous enemies. At Erivan 
summer conditions approach more 
closely to those of the Mediterranean 
region, but the winters are cold. 

No data are available regarding mini- 
mum temperatures at Erivan, but the 
absolute minimum at Tiflis is 1° F., 
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Fic. 5.—Climograph for Astrachan, Russia 


and the winter months at Erivan 
average 10° F. colder than at Tiflis, so 
that subzero temperatures must be 
fairly common. Of the two regions, 
that around Erivan approaches the 
rainfall optimum, whereas Tiflis pre- 
sents a limiting condition of rainfall. 


SuMMARY OF THE CLIMATIC RELATIONS 
or Puytonomus PostTicus IN THE 
OLtp WorLpD 


The climatic requirements of the 
alfalfa weevil in the Old World will 
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here be summarized for comparison 
with those requirements in America. 


One of the limiting conditions is 


winter temperature. The insects are 
killed by exposure to 0° F., and places 
which normally have subzero temper- 
atures, not accompanied by heavy 
snow covering, are shown to be found 
on the limits of distribution. (Mos- 
cow, Astrachan.) 

Warm, dry spring weather is shown 
to be essential to the rapid development 
of the weevil. Such conditions obtain 
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tan, and to a lesser extent in Tiflis. 
The spring must be increasingly dry, 
and the summer precipitation must be 
not more than 4 inches. Each of the 
months whose mean temperature is 
above 50° F. should have less than 2 
inches of rainfall. 

Damage decreases with an increase 
in altitude. This is climatically equiv- 
alent to an increase in latitude. The 


northern boundary is found in regions 
having a growing season of about 150 
days 


, with a mean annual temperature 
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of about 40° F., four months above 
50° F. and three months above 60° F. 

Cold, damp spring weather favors 
the increase of fungous enemies. Such 
weather is found in Denmark, southern 
Russia, and to a lesser extent in Trans- 
caucasia. Months whose mean tem- 
perature is above 50° F. have more 
than 2 inches of rainfall. 

No data are available from which to 
determine the factors which limit dis- 
tribution on the south. 

For the purpose of applying these 
findings to American conditions they 
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are condensed into the following condi- 
tions: 
(A) Optima: 
Mean annual temperature 50° F. or above. 
Summer rainfall not over 4 inches. 
No winter temperatures below 0° F. or, if 
below, in combination with heavy snowfall. 
Growing season of 150 days or more. 
(B) Limits: 
Mean annual temperature below 40° F. 
Summer rainfall over 6 inches. . 
Subzero winter temperatures combined with 
light snowfall 
Growing season less than 100 days. 
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SUITABILITY OF AMERICAN CLI- 
MATE FOR THE ALFALFA WEEVIL 


RAINFALL 


Students of American climatology 
recognize several types of rainfall dis- 
tribution. Ward (17) lists 14 rainfall 
types, but for our purpose there are 6 
main types, as designated by Kincer 
(5), which he calls the Florida, East- 
ern, Plains, Arizona, sub-Pacific, and 
Pacific types. 

Of these 6 types the summer rain- 
fall is less than 6 inches in four types 
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and less than 4 inches in two of these. 
The Plains type is characterized by a 
summer maximum, the summer rain- 
fall ranging up to 12 inches or more. 
However, there are certain parts of the 
— on the eastern slope of the 
Rockies, in which the summer rainfall 
is from 4 to 6 inches, and it is in these 
Places that the weevil may possibly 
occur. The Arizona rainfall type is 
characterized by a late summer maxi- 
mum in July and August, but there are 
some regions in this type in which the 
summer rainfall is very small. The 
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Pacific type has a very pronounced 
winter maximum, with almost rainless 
summers. The sub-Pacific type, illus- 
trated by Salt Lake City (fig. 8), has no 
pronounced winter maximum, but fairly 
heavy rainfall occurs from March to 
May. Farther north in Idaho there is 
a more pronounced winter maximum, 
with a secondary maximum in May. 
(Payette, fig. 9.) In western Colorado 
the rainfall is very light with no pro- 
nounced maximum. (Delta, fig. 10.) 
The weevil is apparently excluded 
from most of America east of the 
Rocky Mountains by abundant spring 
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and summer rainfall. It would appear 
to be limited to such districts west of 
the Rockies as have favorable temper- 
ature conditions and to a small area 
lying immediately east of the Rockies, 
which has scanty summer rainfall. 


TEMPERATURE 


Within the rainfall regions outlined 
above the distribution and abundance 
of the weevil are controlled by temper- 
ature. Regions having a mean annual 
temperature of 50° F. or higher ap- 


proach the optimum. When this tem- 
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perature is approached, although win- 
ters are cold, the weevil may maintain 
itself and become of economic import- 
ance periodically. A mean annual 
temperature of 40° F. closely marks 
the northern limit of economic distri- 
bution. 


PROBABLE DISTRIBUTION IN AMERICA, 
BASED ON CLIMATE 


The writer carefully analyzed the 
climatological data from the Western 
States, considering all the possible 
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combinations of temperature and rain- 
fall found to be of importance in the 
ecology of the alfalfa weevil. The 
stations may be tentatively grouped 
under three categories: 

1. Regions whose normal climate 
approaches the optimum for the alfalfa 
weevil may be regarded as subject to 
severe infestation and included in an 
area of ‘‘normal”’ occurrence. 

2. Regions whose normal climate 
departs slightly from the optimum 
may be regarded as subject to periodic 
infestation in times when the climatic 
variations are toward the optimum. 


These regions are areas of “occasional ’”’ 
occurrence. The weevil is able to 
maintain itself at all times in these 
areas and becomes abundant when 
conditions become favorable. 

3. Regions whose normal climate 
varies widely from the optimum, in 
which optimum conditions will rarely 
occur, may be included in an area of 
“possible’”’ occurrence. The weevil 
will probably not maintain itself in this 
area but may be repeatedly introduced 
and become of minor importance after ¢ 
series of favorable seasons. 

The probable distribution of the 
alfalfa weevil in America, based upon 
these climatic requirements, is shown 
in the map (fig. 11). The normal 
occurrence of the weevil is limited 
entirely to the sub-Pacific and Pacific 
rainfall regions, which are indicated 
on the map. There are two localities 
outside of these regions which are 
included in the second zone, one in 
northern Wyoming and the other in 
western New Mexico. Rainfall condi- 
tions are favorable in Wyoming, but 
the mean temperature is low and the 
winters are cold and dry; therefore 
this area is not of great importance. 
Western New Mexico, on the other 
hand, has favorable temperature con- 
ditions, but the rainfall is of such a 
character that wet years are very 
likely to occur often enough to keep 
the insect in control. The possible 
occurrence of the outer zone, which 
are confined to the Plains and Arizona 
rainfall types are chiefly conditions 
comparable to Moscow, Russia (fig. 4), 
but with more extreme winter con- 
ditions. 

Broadly speaking, the alfalfa weevil 
is limited on the north, inside the 
Pacific and sub-Pacific rainfall regions, 
by low summer temperatures; on the 
ast, at the edge of the sub-Pacific 
type, by heavy summer rainfall; and 
on the northeast, in the plains of 
Montana and Wyoming, by the sum- 
mer rainfall and by low winter tem- 
peratures, plus a very light snowfall. 

No data have been found upon which 
to base a limit on the south, but it is 
possible that the high temperatures of 
southern California and Arizona may 
prove fatal to larvae. All of this 
region is included in the normal zone 
in this study, and must remain so until 
the factor controlling southern dis- 
tribution becomes evident. 

The question of the possible adapta- 
tion of the alfalfa weevil to new climatic 
conditions in America has not been 
approached in this paper and does not 
seem of importance to the writer. 
The weevil is a native of Europe and 
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has been limited on the north by 
purely climatic factors for a long period 
of time. There is no physiographic 
barrier at its northern limit in Russia 
and Siberia, and it seems probable 
that it has reached its limit of adapta- 
bility by the present time, so that little 
or no further adaptation to cold and 
moisture will take place. 
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persal of the weevil by approximately 
five-vear periods. This map does not 
show the present distribution accurately, 
as a county has been recorded as 
infested when weevils have been found 
in any portion of it. The infestation in 
southern Wyoming, for example, does 
not cover more than a third of the area 
shown in Figure 12. 
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Fic. 11.—Probable distribution of the alfalfa weevil in America, based on climatic limitations 


PRESENT DISTRIBUTION 


Through the kindness of George I. 
Reeves, of the United States Bureau of 
Entomology, the writer obtained a 
detailed statement of the annual spread 
of the alfalfa weevil by counties since 
its introduction and discovery at Salt 
Lake City in 1904. This information 
has been summarized and a map pre- 
pared (fig. 12), which shows the dis- 


19974—25t——7 


This map brings out several interest- 
ing facts. All regions infested at the 
present time are within the rainfall 
area of the sub-Pacific type. The 
weevil is still spreading northward and 
westward in Idaho and Oregon and 
southward in Utah. On the other 
hand, it reached its climatic limits in 
Colorado in 1917, and its dispersion 
has been only local in that region since 
that time. It has not crossed the 
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Continental Divide there. It has been 
present in southwestern Wyoming for 
eight years and has not crossed the 
climatic limit shown on the map. It 
reached the northeastern corner of 
Idaho in 1917, and has not yet crossed 
the climatic boundary into Montana. 
Within the present range the regions 
of the most severe infestation are the 
lower valleys of Utah, the Colorado 
area, western Idaho and the adjacent 
yart of Oregon, and western Nevada. 
tt has been abundant in some of the 
other places, 


but varies greatly in 





substantiates the findings of the studies 
on climatic conditions in the Old World. 

The zones outlined on the map of 
Figure 11 are based upon a detailed 
study of the climatological data from 
several hundred stations in this region 
as published by the United States 
Weather Bureau.? The writer wishes to 
express appreciation of the assistance 
rendered by the section directors of the 
Weather Bureau for these Western 
States in furnishing a‘ large amount of 
climatic data and in some cases lend- 
ing file copies of the older publications. 
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Fic. 12.—Dispersion ofthe alfalfa weevil in America, 1904-1923 


abundance from year to year. In 
short, it is most abundant in the zone 
of ‘‘normal’’ occurrence, is often injuri- 
ous in the zone of “ occasional”’ occur- 
rence, but has not as yet reached the 
zone of “possible’’ occurrence. It is 
spreading at the present time in those 
parts of its range where conditions are 
favorable from a climatic standpoint 
and has ceased to spread when it has 
reached the climatic boundaries. Thus 
the history of the insect in America 
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Annual summaries under this general title for various Western States. 


SUMMARY AND CONCLUSIONS 


The general procedure indicated in 
the introduction has been used in the 
present paper. 


The climatic conditions of the origi- 
nal home of Phytonomus posticus have 
been studied in detail to find the opti- 
mum and limiting conditions, which 
were correlated with similar conditions 
in America. 
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Climatic conditions in America were 
analyzed to determine the areas of 
optimum and limiting conditions, 
which have been charted and compared 
with the present distribution of the 
alfalfa weevil. They have been found 
to correspond in all essential particu- 
lars with the progress of the present 
infestation. 

It seems highly probable that the 
alfalfa weevil has been imported into 
this country many times and that it 
also has often been shipped out of the 
quarantined areas into other parts of 
the country, but that it has failed to 
establish itself except where. it was 
placed in a region of favorable climatic 
conditions. r 

The climatic limitations of other in- 
sects are different, for every insect has 
its own definite optimum and limit- 
ing factors. Some insects, like the San 
Jose scale and the brown-tail moth 
(11) are definitely limited on the north 
by minimum temperatures. Others re- 
quire a certain length of growing season. 
Still others, chiefly boreal forms, can 
endure intense cold but succumb to 
heat and have a definite southern limit. 
With regard to rainfall, the same is 
true. Insects like the army worm and 
the variegated cutworm require a 
humid condition, and others like the 
pale western cutworm require a dry 
condition. It seems highly probable 
that there are one or more periods in 
the life of any insect when it is especially 
susceptible to unfavorable climatic con- 
ditions. If these periods can be found, 
and their climatic optima and limits 
determined, the range of the insect can 
be mapped. In the case of the alfalfa 
weevil the limiting periods are two in 
number—the temperature limit, which 
applies largely to the hibernating 
adults, and the humidity limit, which 
applies to the larva and its fungous 
enemies. 

The method of. climatic analysis used 
in this paper has been applied success- 
fully to an insect inhabiting the soil 
(the pale western cutworm (2)) and to 
an insect feeding on the aerial portions 
of low plants (the alfalfa weevil). In 
order to determine the applicability of 
the method to insects in general, it 
remains to apply it to some insect 
living in trees. The forest environ- 
ment, either natural or in a cultivated 
orchard or grove, is widely different 
from conditions in the open, and the 
problem must be attacked by an 
analysis of actual forest conditions, 
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after which these conditions must be 
correlated with the available weather 
data from near-by stations. For this 
reason the method will probably need 
considerable modification before it will 
apply to forest insects. 
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